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EXECUTIVE SUMMARY

vand efficiency regulations have become more stringent, the
sions and reduce fuel consumption have become
increasingly complex. A modern car or truck has essentially the eqguivalent of a small

As vehicle emi
technologies us;@d to mitigate emiss

chemical plant attached to its exhaust and a g:mwmfu% computer under the hood,
meaning there are many potential areas for system failure—or manipulation. In the
1990s, many major diesel truck and engine manufacturers in the United States were
caught cheating to meet emission s tf:mddmif Nowadays, mqu%amm face the significant
challenge of ensuring compliance of diesel cars to emission standards in Europe, the
Simiarly, carbon dioxide (CO_) emissi ion/fuel efficiency
standards noncompliance is also an issue, with cases discovered in Europe, Japan,

and the United States. As investigations reveal that manufacturers have cheated to
meet emission and fuel efficiency standards for years, many countries face significant

United States, and elsewhere

challenges to ensure proper operation of modern engine and emission-control systems.
Technology will continue to advance guickly, and manufacturer deception will remain &
risk; H erefore, government agencies around the world must upgrade their compliance
and enforcement (C&E) programs to ensure that the intended outcomes from emission-
control and fuel-efficiency programs materialize throughout the vehicle life cycle.

This study reviews existing C&E activities in 14 major vehicle markets (72 national,
T subnational, and 1 mu%t wational) on a range of key elements, including legislative
framework and resources; vehicle testing campaigns; and the use of cmr@{:tw\/@ actions,

such as recalls and fines, We found that C&E practices vary significantly among vehicle
markets, not only in their regulatory structure and capacity to ensure compliance, but
in the willingness at the highest level of pml tical leadership to prioritize C&E. Despite
the differences in policy background, our investigation found the following trends and
observations on the current C&E practices in major vehicle markets:

» Not all regulatory agencies are sufficiently empowered to enforce compliance of the
standards, including th@ authmity to mamfat@ recalls and impose punitive penalties,

» Regulators are fighting against budget and resource constraints by improving cost-
effectiveness and sustainability of their C&E programs.

» Regulators intend to test vehicles at different stages of their useful life and put the
testing bum@n on manufacturers with sufficient independent audits.

» The cost of noncompliance varies significantly across regions

» Transparency of C&E activities is extremely low.

» The C&E reguirement and activities in most regions studied focuses more on
the compliance with emission standards than greenhouse gas/fuel consumption
standards, especially for vehicles in production and in use.

» Policymakers in many markets consider C&E to be an important part of vehicle
regulations and simultaneously acknowledge that enhancing their C&E programs

is necessary.

ssed on specific program detalls collected from a survey of experts and stakeholders
from each of the 14 markets and a review of the most recent and relevant literature, we

propose seven best practices for C&E programs for legislators and regulators to follow:
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1. Establish clear legal authority to hold manufacturers accountable for vehicle

emission and efficiency performance throughout the useful life of vehicles.,

2. Avoid conflicts of interest that could undermine the program’s effectiveness;
align the lead agency’s mission with regulatory goals and break the financial link
between testing agencies and manufacturers.

3. Obtain the necessary resources to continuously and properly enforce regulations.

4, Conduct reliable testing and checks at all stages of production and use on both
emissions and efficiency, with the strongest focus on in-use testing.

&, WUse corrective actions, such as implementing mandatory recalls and fiscal
penalties, to fix known issues and promote compliance,

6. Prioritize data and information transparency to foster confidence in the program
and facilitate third-party participation.

7. Create a roadmap for program development that considers future regulations
and technological advances.

This study also assess

s the 14 vehicle markets on the degree to which they meet
each best practice. Table E°

51 shows that C&E programs in maljor global markets are at
diverse stages of maturity, with no single program fully meeting all best practices. In
general, the United States (including California), South Korea, and Japan have the most
comprehensive programs, with better C&E schemes in legal framework, conflicts of
interest prevention, resource sustainability, testing design, and enforcement. Mexico
has the least comprehensive program, which can be improved in many ways. Among
the identified best practices, poor data transparency and having an unclear vision for
program development are two aspects that need be improved across all 14 vehicle
markets,
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Table EST Evaluation of best practices for compliance and enforcement programs in major vehicle markets,

i I
”NWJL“‘NM il i n L

China L
India L ]
Japan e - e L | L ] o
South Korea - @+ i+ -+
EL L] o
France W+ L] o
Germany i+ () @
LK W+ i+ -+
tcalifornia @+ -+ . B
Canacla -+ i @
Mexico i L ]
[TR:% -+ [ & @+
Brapil @ @ ®
Chile i+ o -+
@ The country does not sufficiently meet any criteria for this practice,
@+ The country meets some criteria for this practice.
@ ++ The country meets all criteria for this practice.
Additional key findings from the various regions include the following:
»  Asiar Government agenc in Japan and South Korea—home to major automotive

manufacturers that sell th@ir products worldwide—have better structured C&E
g:‘)mcyrawm With strong legislative support, clear governmental lability, and

s penalties (financial or reputational) and corrective methods in place for

m}mﬁmmpham 2, Both countries monitor compliance with necessary independent
testing, although South Korea ﬁf"iap)@fs its program in a more financially sustainable

way. On the other hand, China and India do not have a lengthy history of compliance
work; however, because of wm need to address poor alr gual ty in both countries,
these governments are realizing the importance of C&E. This is most apparent

in China, where the latest vehicle emission regulations c::?mj@ strengthened
compliance and testing requirements, and where the lw; slative framework has
recently been revamped to allow for stronger regulatory enforcement. While waiting
:d emission regulatory system to take effect, boosting C&E of fuel
efficiency standards becomes more imperative in China. India needs more powerful
enforcement authority and better regulatory structure to break the financial link
between testing agencies and manufacturers and conduct independent testing
throughout a vehicle’s useful life.

for the enhanc

» %ump@: The single market structure of the BEuropean Union combined with the
independent administrative power of member states has led to a unigue dynamic
in BEurope. Although it is the BEuropean Commission that sets up the framework

for C&E of relevant standards, there is no centralized implementation authority.
The cross-border compliance frarrwqurk has an inherent potential for conflicts
Y
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of interest. The European system does little to incentivize member states to
take compliance actions, especially with independent retesting absent from the
framework. The enforcement authority of regulatory agencies in member states
iz also restricted. The extremely high levels of NO _ emissions from diesel cars
that requlators are currently attempting to address in the %ump@aﬁ Union can
be directly linked to the lack of a strong C&E procedure. The observed practices
in France, Germany, and the UK also show insufficient resource sustainabllity

Ongoing negotiations among the E:,UW)FTB@%M’\ Commission, Parliament, and
Council on the new motor vehicle type-approval fmmwwmk v Europe create an
opportunity to improve the above-mentioned aspects.

»  North America: The United States has a 5-decade history of developing and refining
its C&E program, which is the oldest and most advanced in the world. The U.S.
program today focuses heavily on testing in-use vehicles for compliance and has &
history of implementing recalls and other corrective actions for enforcement. The
program operates with the support of experienced experts and sustainable resources.
This has created a level plaving fleld among manufacturers and has fostered an
environment where the cost of noncompliance is higher than the cost of compliance.
Improving information transparency will help the United States further strengthen
its program, Canada and Mexico tend to harmonize with U.S, emission standards,
so both countries can leverage the U.S. compliance program to implement their
own regulatory }’@(juh’@t”ﬂﬂﬁﬁﬁi& Canada and the United States have a long history
of collaboration under the framework of the U.S.-Canada Alr Quality Agreement
toward the d@v&i@pm@r%t of aligned vehicle and engine emission regulations and
their coordinated implementation. While Canada runs its own compliance program,
it has generally focused its testing effort on vehicles that are not sold in the U.S,,

vith additional capabilities used to complement U.S.-certified vehicle testing as a
result of the collaboration. That being sald, Canada is now working to enhance its
program sustainability ir Y@SDUHS&E to the defeat device situation. Mexico does not
have a meaningful program in place to monitor new vehicles that are not covered by
the U5, certification, nor do Mexican regulatory agencies have the legal authority to
intervene regarding compliance of in-use vehicles.

» South America: Brazil is by far the largest automotive manufacturing market in
South America, but the country’s C&E capacity and activity are minimal. Most
major manufacturers in Brazil have their headguarters in Europe, so Brazil typically
follows the r@gu&atmy structure of the EU, where compliance protocols fall s;hcfsrt.
Brazil has relatively clear legislative system, but needs to build up regulatory
mr:xac ity and start regular independent testing. In contrast to Brazil, Chile presents
an interesting case study, because it is a c@untry without its own automotive
manufacturing and relies solely on imports. However, Chile has committed to
cj@wﬁmpﬁimq a ;::xmc:;ram designed for this specific market situation and has grown &
strong technical capacity with some of the best government-run testing facilities in
South America. Future pricorities for Chile for improvement include strengthening

legislative authority for @r‘if@m;}m@rm expanding test capacity and scope, and

leveraging additional resources to support compliance checking

on and

This paper is the first to take stock of C&FE practices with regard to emi
efficiency standards in key vehicle markets. We found room for improvement, even
in markets with mature regulatory systems, and we expect to see more efforts by

stakeholders to support such improvements.
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1. OVERVIEW OF COMPLIANCE AND ENFORCEMENT

1T BACKGROUND

Over the past 40 years, progressively tighter vehicle emission standards in the
world’s major markets have resulted in modern vehicles emitting a fraction of the
amount of criteria pollutants that were released in the vears before vehicle emissic

were controlled. Fuel efficiency standards promote the adoption of advanced
technologies on new vehicles to reduce m@i consumption and carbon dioxide (CO)
emissions while maintaining or improving vehicle performance.

Although remarkable progress
consumption, recent studies and events have highlighted the discrepancy between

5 has been made in reducing vehicle emissions and fuel

official test results and real-world performance.

Nitrogen oxide (NO,J em
found to be nearly 7 times higher, on average, than indicated by their official

ions of early Euro 6 diesel passenger cars have been

laboratory test results (Franco, Posada, German, & Mock, 2014). In September 2015,
the vehicle industry was rocked by the so-called “dieselgate” scandal, after the

Volkswagen group companies were discovered to be using a NO, emissions defeat

device on more than 11 million vehicles globally.

The same concern applies for CO, emissions as the gap between on-road and
certified CO, emissions of passenger cars has been growing. in recent y@ars. this gap
increased fmm 8% to 40% (2001 to 2015) in the European Union, fmm 3% to 44%
(2009 to 2014 in Japan, and from 12% to 27% (2007 to 2015) ir na (Tietge, Diaz,

Yang, & Mock, Z(ﬂ;’). rn Japan, Mitsubishi Motors Corporation was E"“cf}un{j to have been

using inaccurate road-load parameters for measuring fuel thm@my for more than ¢
decade (Ministry of Land, Infrastructure, Transport and Tourism [MLIT], 2C
increased the fuel efficiency by 4% to 11%. This follows similar shortcomings observed
in Canada and the United States on multiple Hyundai/Kia vehicles spanning several
model years (LS. Environmental Protection Agency [EPAT, 2014).

Such incidents have resulted not only in higher than anticipated emissions from

veh K:{W on the road-—with resulting public health and climate tmg’aauww but they also
have eroded public trust in vehicle manufacturers and, in some cases, underlying
regulatory programs. Moreover, such incidents reveal that the field on which vehicle
manufacturers compete may not necessari U b@ level, Finally, these incidents
underscore the fact that to fully deliver emission and fuel consumption reguctions

in practice, stringent regulations must be combined with effective compliance and
enforcement (C&E) programs.

C&E Is an integral part of the vehicle emission and fuel affﬁa:i@m;y regulatory
frammework. C&E refers to the system of laws, regulations, agencies, and practice

5

intended to ensure that vehicle and equipment performance meets the standards
v force and zj@i vers real and permanent emission reductions. This broad definition
cj stinguishes itself from the narrow legal definition that eguates "compliance” with

strict 1rwtmg3mtatia}ri of certification or type-approval emission limits.

Compliance activities ensure that the reg
requirements and identify cases of nonc mmpmmm when they exist, Qﬂmpﬁ‘arm@
monitoring activities, such as pre-, in-, and ¢ ~-production vehicle emissions

istered vehicles meet regulatory
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and effici

cy testing under laboratory and real-world conditions, are necessary
to establish compliance status and to deter noncompliance. Detailled compliance
activities include:

» Receiving, reviewing, negotiating, and approving manufacturers’ applications for
emission type approval/certification and/or fuel economy verification, and in-
production and | se conformity reports.

» Monitoring relevant vehicle emission/fuel efficiency information and data
(e.g., warranty and defect information), testing vehicles or carrving out on-site
inspections, and identifyving potential noncompliance,

» Conducting research to check the reliability of the existing compliance system and
improve future policymaking

Enforcement activities are n@m}wary when vehicles are found to be out of compliance
with the standards and intervention is needed to hold responsible parties accountable

and correct the situation. Enforcement activities, such as rwmmsmmaam vehicle recalls

and financialpenalties, are essential to achieving widespread compliance with standards.
In practice, detailed enforcement activities Armucj@:

» Collecting evidence, if necessary, to prove noncompliance identified through either

manufacturer self-reporting or the regulator’s compliance program and ordering
manufacturers to take corrective actions

» Reviewing the manufacturer’s corrective action plan to fix noncompliant vehicles
supervising implementation of the corrective action plan, and compelling
manufacturers to react—through legal means, when necessary.

» Determining and imposing penalties, if necessary.

Even though C&E of vehicle emission and efficiency standards has started to get the
attention of mquidmm it remains an ur“u;t?‘i‘f:wt@d U:}gm: irn the fleld. This report aims to
surmnmarize the existing status of C&E activities in maj{}r vehicle markets and suggest

practices that could en Fam o the effectivenc f these programs.

1.2 SCOPE AND METHODOLOGY

This report reviews C&E activities in 14 major vehicle markets: 12 countries (Brazil,
Canada, Chile, China, France, Germany, India, Japan, Mexico, South Korea, the United
ingdom [UK], the United States [U.S.D), one multinational region (the European
Union TEUD, and one subnational region (the U.S. state of California). These regions
accounted for 87% of global vehicle sales in 2015, Although this report focuses
heavily on national-level C&E - i

, given the differences in regional legislative

and regulatory structure, subnational agencies may play an important role in C&E.

This report includes the EU and California because these are special regions that play
ission (EC), promulgates
regulations that may dictate the C&K activities in all member states. Member states
have the authority to enhance their C&E activities above the minimum limits set by
the EU regulations. However, the EC has no authority over the enforcement of the
regulation; thus, member states are r

an important role i

ponsible for implementing the regulations,

California put in place a strong motor vehicle pollution control and greenhouse
gas (GHG) program prior to the national law being adopted; thus, the U.S. Clean
Air Act grants California the authority to run its own C&E program of vehicle

ED_006561_00000880-00009



on and efficiency standards (U.S. Environmental Protection
A, 2016a). As a result, California has a comprehensive motor vehicle
compliance program with similarities and differences compared with that of the U.S.

and engine emiss
Agency [E

Environmental Protection Agency (U5, EPA).

The practices discussed in this report cover C&E for existing vehicle tailpipe emission
regulations (i.e., emission and fuel efficiency standards) of light-duty vehicles (LDVs)

and heavy-duty vehicles (HDVs) and engines. The scope of most C&E programs
also includes 2- and 3-wheelers, nonroad engines and equipment, and fuel guality,

even though these are not explicitly discussed in this report. Nevertheless, the best

practices identified in this report are highly relevant and applicable to the C&E of
counterpart regulations of 2- and 3-wheelers and nonroad engines and eguipment.

The findings in this report are based primarily on the results of an online survey
(see Appendix A), as well as In-person interviews and email exchanges with
relevant experts and stakeholders working on the implementation, compliance,
and enforcement of regulations. In addition, in-depth desk research on relevant
legislation, regulations, and policy reports contributed to the analysis. The online
survey was sent to 86 contacts in 19 countries/regions. We collected responses
from 28 contacts in 17 countries/regions through the online survey portal, email
exchanges, and one-on-one interviews and chose 14 countries/regions for analysis
in this research. Table 1lists details of the number of survey participants for each
country/region, their affiliation background, and response method.

1T Inthis paper, we refer to fuel efficiency, fuel consumption, CO , or GHG standards as “fuel efficiency” standards.
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California 1 Agency Interview, email
Canada 1 Agency Opnling-email

1 Agency Online
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China 2 Agency: Intervie

1 Agency Online
EU

1 Consultancy firm Online
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. Mongovernmental .
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Germany Z organization (NGO) Online, email

2 Agency Onlineemail
Imelia

1 Testing laboratory Onling
Japarn 2 Agency Online, email
Mexico 1 Agency Online
South Korea 1 Agency Online
LA 1 MGG Online email

2 Agency Oniine
.S,

1 Ageric

Austria € =
Greece 1 NGO Online
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2. GLOBAL STATUS OF C&E

In many regions, the C&E program evolved alongside the standards for vehicles and

engines. Figure Trecords the timelines for different phases of LDV and HDV emission

standards and the introduction of key C&E activities. In Canada, the EU, India, Japan
South Korea, and the United States, the C&E activities were introduced several years
after the emission standards. In Brazil, Chile, and China, the C&E programs started only

after the adoption of more advanced emission standards. Over the yvears, additional

elements have been added to C&E programs that consist of reguired actions from both
manufacturers and regulatory agencies. Figure 1 does not reflect the timeline for the
fuel efficiency/GHG reguirement because it is relatively new, compared to emission
standards, and many C&E activities are still under development.

Table 2 provides an overview of C&E activities in the major markets, including the following:

» Establishing a defeat device provision that defines and prohibits the use of

defeat devices;

» Requiring an auxiliary emission control device (AECD) report;

» Building emissions and efficiency ting capacity (e.g., government-owned

laboratory, authorized independent iabmatmy};

» Requiring original equipment manufacturer (OEM) testing and conducting
government surveillance testing pre-, in-, and post-production;

» Testing for fuel efficiency in addition to emissions

» Testing to check road load, an important factor that influences efficiency
test results;

» Mandating emission defect reports;
» Establishing warranty requirements;
»  Enhancing sustainabllity of resources for C&E activities; and

» Mandating recalls of noncompliant vehicles and engines and whether there have

been mandatory or voluntary emissions-related recalls from 2011 to 2015,

Table 2 provides an initial indication of the strength of the different C&E programs,

However, the effectiveness of each individual program cannot be understood without
a more detalled investigation of each ¢ mc;mrrzmat ic element. Section 3 of this report
reviews the legislative structure and resources for the different C&E programs. Section
4 discusses how compliance is determined for emission and efficiency standards in the
different markets. Section 5 examines the enforcement mechanisms being used in the
different markets, Section 6 focuses on data and information transparency. Section 7
summarizes the key c}b%rmtim‘is regarding C&
indings presented in Sections 3-7, Section 8 proposes universal best practices for

programs in major markets. Based on

programs.
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Figure 1, Timelines for the phase in of LDV and HDV emission standards (not including CO.,/ fuel cconomy standards) and related C&E activities,

Z

Note, LDV = light-duty vehicle; HDV = heavy-cduty vehicle; C&E = compliance and enforcement, COP = conformity of production; OBD = on-hboard diagnostic; OEM = original equioment manufacturer;
G = gasoline; D = diesel. Activities with open-ended time frames work in paralfel with new activities.
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Table 2. Overview of C&F capacity and activities for vehicles and engines in some major markets.*

HHHH‘\HW ‘ m!HH\HW““””“‘ Il

N ‘ e

ww&iiiii‘wuuuuuuu i i i lon

; 2 Yy | re
O widak

Canada W 'S Own lab 'S fat’s Jat's v L] v Medium e N/Y
Chille Chwnlal [N il 1. ‘ Meditrn Mo N
China v Authorize o' vv F U4 [¢] ] Mediurm Yes N/Y
France W Avithorize v V,/i\ Wl i Medium Prartly 06t
Giermany + Authorize + v /\ o A Medium Partly Y/Y
fndia W Avthorize vy vV Mecium No MAY
Japan i Own lab 4 vV (%4 (%4 (%4 (%4 Mediurm Yes Y/
Mexice Adithorize % Lo e !
& Korea "4 Own lab "4 vV v'v v v v High Yes Y/Y
K o : Authorize "4 Vi (7 5 ‘ ‘ L] Medium Prarily RN/
U.8. v 4 Own lab vV ay vV v v v v High Yes Y/

o Manufacturers conduct mandatory tests; o Agencies conduct surveillance tests

A Manufacturers conduct voluntary tests; A Agencies reserve the right to test, but test is not carried out regutarty
A Manufacturers test part of the fleet only; & Agencles test part of the fleet only

o Fully fulfilled; @ Partially fulfilted; O Expected to fulfitt in future regulation

* The EU is not included in this table because the EU has no control over C&E of emission and efficiency standards in its member states.
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LEGISLATIVE FRAMEWORK AND RESOURCES

1 LEGISLATIVE AND REGULATORY FRAMEWORK

Al the core of any C&E system are the laws and regulations that specify the
requirements for vehicle emissions and/or efficiency performance, and those that
establish government agencies’ ability to hold manufacturers legally accountable for
vehicle puf@rmam e, Ar"w::iud ng measures such as surveillance testing, equipment recalls,
fines, and other penalties.

Empowering regulatory agencies with strong and clear authority is the foundation
for a robust vehicle emi
authority to:

on compliance program; therefore, the agencies need clear

» Establish emission and efficiency standards;

» Establish and carry out the compliance activities of vehicle emission and
efficiency standards, such as establishing protoco! for compliance testing and
reporting; supervising the implementation of emission standards, requiring
manufacturers to conduct tests, and collecting relevant data (e.q., warranty and
defect data) from manufacturers;

» lssue type approval for compliant vehicles and engines, and cease/revoke typ
approval for noncompliant vehicles and engines;
» Mandate recalls or other corrective actions to bring noncompliant vehicles into

compliance and mitigate negative environment impacts; and
» Impose punitive fines on noncompliant vehicle manufacturers.
Table 3 lists the legislation that empowers the regulatory agencies in each market

to carry out C&F
agency or agencies to establish \/M icle emission and efficiency standards; establish a

of vehicle emission standards. Most legislation authorizes the lead

compliance strategy; and issue, cease, and revoke type approval, In addition to the U5,
federal practices, California is authorized to establish more Stmrwqwnt emission standards

and carry out the C&E of vehicles sold in the state. The legisiation in Mexico authorizes
onty the national @qu%dtc}ry agencies to manage emissions of new wzhia les before they
are sold to the market; any intervention regardin -use vehicles is the res wsibility

of local authorities. For the EU maﬁmkwr states, th@ EC establishes the basic principles
of compliance and empowers the member state countries to specify the compliance

methods and implement and enforce the regulation

The greatest inconsistency in the legislative system across regions Hes in their authority
to mandate recalls to repair noncompliant vehicles and to impose fiscal penalties on
noncompliant vehicles, Only Brazil, California, Ching, the EU member states, Japan,
South Korea, and the United States empower the lead agencies with both authorities,

v ithe EU, only the member state agency that issues the type ap:xpmw[ of the vehicle
can mandate the recall of that vehicle, even if the vehicle was found to be noncompliant
by another member state.? Canada is in the midst of implementing an Administrative
Monetary Penalties regime under the Environmental Violations Administrative Monetary
Penalties Act,

2 A proposal currently being discussed by European policymakers would altow any member state that discovers
noncompliance to take corrective action.
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Table %. Compliance and enforcement legislation for controlling vehicle emissions in major marke
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Directive 98/69/
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France ial decree

Road Traffic Licensing
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UK
e s exhe
In ‘M’,?\/‘E ce exhaust W W
emission standards
California CleanAle Act (19700 W o (¢ W W
Canadian Environmental N
Protection Act (1999) v v v
Canada Environmental Violations v

/‘admtmﬁtt‘fﬁtwev Monetary

(Draft 2016
Penalties Act (2009) (Draft 2016)

terab-Ministryof i o
Enviromment & Natural (fw ne}w W
InternsbRule vehicles)
Clean Alr Act (J970) W 74 [ W W

LAW No: B723/198

Lawi40/201 v

De /M}bﬁ}/ 2001

Decres 6514/2008

Transportation Law (1995) v [ "4

Note, O denctes that only the agency that issues the type approval of the vehicle can mandlate recall of that vehicle.

¢ Legisiation either specifies the details of the function or authorizes agencies fo establish relevant regulations.

anada does not issue certificates but rather accepts .5, ERPA certificates to reduce the administrative burden on companies. In the case of vehicles that
are not U5 EPA certified, Canadian regulations require companies to submit evidence of conformity for departmental review prior to introducing these
vehicles into market.
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Another discrepancy across regions is the regulatory framework that supports the
enforcement of regulations. A well-designed requlatory framework clearly defines each

component of the C&E system and streamiines the C&E procedure for both r@@ulatmy
agencies and manufacturers. It eqguips an agency with the capacity and sufficien
resources to carry out C&E activities, ranging from surveillance testing to vmify
Qfﬁ}mg;‘lxﬁaﬁﬁi‘* and identify illegal activities {0 a., use of prohibited defeat devices, cheating
rn tests) to enforcing corrective actions on noncompliant vehicles (e.q., suspending or

withdrawing type approval, mandating recalls, imposing fines),

The provisions that prohibit the use of defeat devices in different countries provide an
example of the different levels of comprehensiveness of regulatory frameworks, Many
countries have legislation or mqu[m ion that prohibits the use of a defeat device intended
t, but only some of them clearly define "defeat
device” and exc Qm ons to the prohibition of a defeat device, and even fewer establish

[

to circumvent a vehicle emissions te

relevant provisions that make it easier ff}r the regulatory agency to detect illegal use of
defeat devices, E%razé%, California, Canada, China, the EU, South Korea, and the United
States clearly define what constitutes a prohibited defeat device with nearly identical
language. Japan plans to introduce and prohibit defeat device use after the adoption
of WL
identical provision lies in how manufacturers obtain the exemption approval and how

TP Global Technical Regulations. However, the difference in enforcement of this

they are penalized for failure to disclose information {Mur crief, German, & Schultz, 2016).
eparate definition for "auxiliary

y and specify certain cmnéﬁtimw un{j{fr which an Al
shall not be considered a defeat device and then prohibit all use of defeat devices.

California, Canada, and the United States provide a s

emission control device” (Al

Manufacturers are r@{;ﬁulr@d to submit a list of all AECDs at the time of their application

for a certification, including rationale for why the AECDs should not be considered defeat
devices. The mquidt ions provide detailed and clear guidelines regarding the responsibilit
of manufacturers, including the information they are required to disclose. With such
supporting resources, the regulatory agency can evaluate and confirm that they are in
compliance with the provision. In fact, regulatory agencies in California and the United

in reviewing and signing permits
based on the information provided by manufacturers. In comparison, other countries

States as a whole invest a fair amount of resource

prohibit all use of defeat devices and specify some exceptions of that general prohibition.
However, there are no explicit procedures in these countries by which manufacturers will
disclose information about the devices that fall under those exceptions. Thus, the ban on
defeat devices is not scrutinized during the certification/type-approval process,

A comprehensive regulatory framework is also imp}mtam‘ for compliance with fuel
v/ GHC
we with corporate average fuel @fﬁc%@r"iq;y targets and determining proper

efficienc standards. This includes selecting representative vehi CE@E; to determine

compliar
road loads and welghts for vehicle testing. Mamy other C&E aspects of th@ regulatory
framework are discussed in this report in Section 4. Because the regulatory framework
covers a variety of issues, it is not evaluated as one single aspect in the best practices
evaluation in Section 8 of this report.

.2 LEAD AGENCY

The regulatory agencies in charge of specific C&

activities are determined by the target of
iciency/GHG), the type of responsibility
(compliance or enforcement), and the role in action (supervisory or implementing).

the regulation (conventional pollutants or fuel eff
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The agency’s authority and capacity imparted by the legal framework typically determine
its role In C&E programs. Sometimes, the regulatory agencies that oversee fuel efficiency

and Brazil. In most markets, there is a lead agency in charge of C & for both emission
on the C&E of
A is in charge of C&E

and efficiency standards, but they often collaborate with other agencie

efficiency standards. For example, in the United States, the US
for both emission and efficiency standards, but the Agency collaborates with the National
Highway Traffic Safety Administration (NHTSA) to enforce efficiency standards.

In some regions, the agencies that conduct compliance investigations do not have full
power of enforcement. For example, the Vehicle Certification Agency (VCA) in the UK
monitors compliance with standards, whereas the Driver and Vehicle & tamjarajs; Agency
(DVEAY carries out enforcement activities. fﬁ‘althq}ugi‘ the U5, EPA and Environment and

nge Canada (ECCC) have enforcement power, the U5, EPA must involve the
~C must involve the Public Prosecution Service of Canada
(PPSC) because their legislation requires criminal proceedings for the prosecution of

Climate C

Department of Justice and EC

vehicle emissions-related issues. In China, the Ministry of Environmental Protection
(MEP) needs support from Administration of Quality Supervision, Inspection and
Quarantine (AQSIQ) to carry out enforcement,

In many cases, the agencies that oversee compliance activities need to collaborate
with other technical agencies with more resources and expertise to c;:arry out

necessary compliance work, Some examples of these technical agencies include the
National Institute of Environment Research (NIER) in South Korea, National Agency
for Automobile and Land Transport Technology (NALTEC) in Japan, Vehicle Emission
Control Center (VECC) in China, UTAC in France, Vehicle Control and Certification (3
Center in Chile, Automotive Research Association (ARAD and International Center for
Automotive Technology (CAT) in India, and Kraftfahrt Bundesamt (KBA) in Germany.

V)

Table 4 lists the agency responsibilities in different markets. In most regions, the core
mission of the agencies responsible for C&F
@%th@r environmental protection or energy conservation, Aligning the mission of the lead

of emission and/or efficiency regulations is

agency with the goal of the regulation it is enforcing can reduce the potential conflict of
interest. In some regions like Germany and the UK, the type-approval authority is part of
ministry for transport.

The EU member states are in a unigue situation in that vehicles certified by any EU
type-approval agency may be sold in all EU member states, arwd only the type-approval
a9 Mm/ that issues type approval of the vehicle can mandate recall of that vehicle. There
is an inherent potential for conflict of interest in this cross-border type-approval system,
especially if the government owns part of the car maker while overseeing that car

maker’'s compliance with emission standards,

In practice, it is more effective if only one key agency takes charge of the C&E of
emission and efficiency standards, especially when they are overseen by different
agencies. Benefits Include the lower compliance burden on the manufacturer when
testing vehicle Qrfﬁfﬁm(}f‘ifﬁ and efficiency simultaneously and more streamiined
rrz&rwg;;@rrwm and monitoring of the process for government agencies when information
and resources are more integrated. Table 4 shows that in Canada, Chile, India, Japan,
South Kore

a, and the United States, agencies may collaborate on various aspects of the
C&E of emission and/or efficiency standards.
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Table 4. Compliance and enforcement responsible agencies in major markets (Full agency names
are in Appendix B).

N I

I e
h\ A
Wi
L A FES A M A
Ernission CONAMA
Brazil
GG
Emission « BECCC . BOCC
Canada e
GHG o ECCC and NRCAN = PPSC
S s M
Emission e M i
: sOBON Center e BMA
Chile ; ;
e M s (technicalagency) -« MTT CEMITT
GHG i - :
o MOE < :MOE £ SMA
o MEP  MEP
o Fridssion . MED o WECC (teohnical e AOQSHG
China agency) » MOA/MOT (non-road)
FE o MHT
Emission = CNRW
France s DGEC s UTAC  (technical s EDGEC e PR
GHG agerncy)
Emission
Germany o BMVI o KB o BMVI o WBA
GG
Emission s MORTH
ndia s MORTH s MORTH
€8] MORTH e EMORTH =MOP s TestAgenties
eEMOR
« MOE
Frrdssion e MLIT o MNALTEC (fechnical  » MLIT
Japan agency)
..... « MET!
FE -
o MLIT
Emission
Mexico «PROEERPA (régarding new vebicles only)
GHG
« MOE
Frrdssion » NIER (echnical
South - MOE agency) .+ MOE
Korea
o » MOE
G -
« MOTIHE
Ermission
b VO DV EA
GHG
. o EPA
Emission o EPA B
« DO
U-s. GHG/fuel . EPA
efficiency O = =72 o NHTSA/DOT
(FE) s DO
12
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23 GOVERNMEMNT RESOQURCES AND CAPACITY
3310 Staff and budget

Securing designated staff and budget resources is a prerequisite of an effective and
sustainable C&E program. The required resources need to be scaled up according to the
size of the market and complexity of the regulations

Zﬁﬁ@ml@ym@nt of staff and the budget is based on the responsibilities of the specific agency.
is challenging to conduct an apples-to-apples comparison of staffing and budget needs
because the scope of responsibility of one agency may differ from another, and some work
s outsourced to government-owned technical agencies. This report collects information of

only key agencies to illustrate the level of capacity to carry out C&E activities.

In terms of staffing, Japan has 30 full-t in its Ministry

of Land, Infrastructure, Transport and Tourism éM T} WQI’ng’ on C&E of both emission
and efficiency standards and safety standards. An additional 10 FTE employees at the
technical agency National Traffic Safety and Environment Laboratory (NTSEL) of the
National /faqe}ncy for Automobile and Land Transport Technology (NALTEC) work on
emission tests for vehicle type approval. The U.S, EPA has 100 FTE emplovees working
on ci;@mpﬁmm& including the employees working at test facilities, and 20 FTE employees
working on enforcement of vehicle emission and efficiency standards. In Canada, ECCC
has around 29 FTE employvees dedicated to C&E of regulations on emissions of criteria
pollutants and greenhouse gas emissions. Mexico has 2 or 3 employees working not only

on C&E of vehicle emission and efficiency standards but also on other tasks related to
environmental issues.

The employees working on compliance with emission standards at some government-
owned technical agencies in other regions include MEP-VECC in China, with 10 FTE

employees; NIER in Korea has 30 FTE ésmg”:x[@y@@s;; SCV center in CY‘HI@;} has 10 employees;
and UTAC in France has 60 FTE emplovees working on vehicle type approval,

The program budget covers the cost of staff time spent on certification, inspection,

reviewing C&E reports, and administration; cost of testing; and facility maintenance. The
regulatory agencies typically propose the C&E
approval from the government. Some regulatory agencies charge certification fees

budget for a given fiscal year to secure

to manufacturers or consumers (e.g., Japan, Mexico, Uni t@d States) and some charge
testing fees to manufacturers (e.g., France, ﬁdl(’), Japan, South Korea, UK, United States)
to partly or fully cover the cost of C&E activities. In some regions, the fees collected are
reguired to be spent on C&E activities only {6&.@3.5 Japan, United States), whereas in some
regions, the fee is totally independent from budget planning for C&E activities (e.q.,
China, South Korea). Below are some examples of leading agencies’ budgets for C&E
activities, along with descriptions of how the money is collected and distributed.

» The California Alr Resources Board (CARB)Y has been authmize}ﬁ since 1989° to
collect $2 to $4 per vehicle, adjusted annually based on inflation, through the
Department of Mwmr Vehicles., The governor and the Km) slature allocate these
routine funds to CARB programs, which may be devoted to reducing air pollution
from motor vehicles and carrying out related planning, monitoring, enforcement,

% Personal communication with Tom Cackette, former executive officer, CARE (February 18, 2016).
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and technical studies.® The penalty paid by nonc

ompliant manufacturers goes

nto a special fund that can be spent only on clean air activities. Because fines
vary greatly year by vear, the funds are typically spent on one-time items, such as
laboratory equipment, rather than on operating costs, such as staff?
» The technical agency in Chile, 3CV Center, plays an essential role in testing vehicles
for compliance, The center operates with an annual budget of about $1.6 million,
vith 75% from testing fe

paid by manufacturers and 25% from the government,
Therefore, the net annual operation budget of the regulatory agency for its
compliance program is around $0.4 million. Other investment costs, including
facilities and instrumentation, are covered by the government.

» VECC P, has a budget of more than 1T million
Chinese yvuan (3015 million) for compliance activities every year. The budget

, the technical agency of China’s ME

covers staff working on compliance and relevant confirmatory t@f&tm@;. Each y@ar,
VECC works with MEP to develop a budc;e,t for compliance activities. When M
gets final approval of its budget from the Ministry of Finance, VECC will receive the
aﬂmtat@d money for its compliance work,

» NIER in South Korea, the technical agency owned by the Ministry of Environment
(MOEY, operates with an annual budget of $2.5 million a![(}cat@d from the MOE.
Manufacturers must pay for all confirmatory tests, but the funds go to the national
treasury. MOE receives a budget for conducting compliance tests
the national treasury.

upon approval of

» The U.S, EPA has a budget of $20 million per yvear for compliance activities.® The
agency collects fees from manufacturers on most of the certificates it issues. These
DA directly, and the US. EPA receives
funds for compliance from the total U.S. EPA budget approved by the Treasury every
vear. To make the program sustainable, U.S, EPA periodically audits the compliance

program costs and adjusts fees to match the cost of the compliance program.’

fees go to the U.S, Treasury instead of to U.S

Table 5 surnmarizes the staff numbers and budgets for C&E of emission and efficiency
standards of leading regulatory agencies and, in some cases, their technical agencies.
Mﬂwuqh the table does not cover all available resources ‘?m C&E from all relevant

agencies, it reflects the level of government investment in each region. It is important
to be mindful of the different vehicle market sizes of these regions. Although the United
States has the largest staff and highest budget for C&E activities, it has & much larger
vehicle market to monitor than most other regions, While Canada has a much lower
number of vehicle sales compared to the United States, there are a comparable number
of different vehicle models available in Canada and the United States. The C&E

sctivities
in regions like Korea and Japan may extend bevond their domestic markets because they
export many vehicles and engines to other regions, especially emerging markets. Vehicles
and engines commonly obtain type approval from regions where they are manufactured if
the markets that the vehicles are exported to do not have the capacity for type-approval
testing or if they accept type-approval test reports from other regions

4 Onaverage, $1 per vehicle goes to the C&E work.

5 Based on internal communication with CARB staff.

& In 2017, there ‘a $4.2 mitton increase to enhance vehicle, engine and fuel comphic
critical testing capabilities, to ensure compliance with emission standards.” (Frorm sur

agrams, including

b

7 Personal communication with Byron Bunker, LS, EPA office director (February 25, 201683 California Clean Alr
Act Adr Resources [39000-44474]
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Table 5. Resources

Regulatory

29CEE)

Ury = ECCO

Not avallable

Hatory

(F»un&@d}

Regulatory

1008

California CARB B ) 17 (C&E) 2.8 N/A
agency Certificate fee - Treasury - CARBE
Lrem
. 3CV Test facility L - BN e
Chite Canter (Owned) 16062 Testing fee > MTT =2 3CV(75%) 0.3 0.0
MITT e RO (RB%Y
" MED- Regulatory " ~$150K on compliance
China . . 10 (S ‘
VECC agency MOF - MEP & VECC
Test Faeii B ‘M}ZM
France utac - Tt o0 2.0
(Assighed) Testing fee = UTAC
T . Tect facility Budget ~ $13.5M
india rﬁ,&,hsﬂiﬁzﬁig (Femﬂmm%tj&/ 200 41
servicos (Assigned)

Testing fee -» technical services (Partly)

Notavailable

Certificate fee > MLIT (Parthy)

=50 BM iR

Testing fee 2> NTSEL (T

MLEIT =2 NTSEL (facilities)

Mot avallable

Mexico PROFEPA agency 2-Z(C&EY | Treasury -» PROFEPA (Majority) 1.4 5.6
Certificate fee -> PROFEPA (Minor)
g $2.5M
S. Korea NER | TestRdlY 5000
(Owned) Tasting fee = TreasUry = MOE
UK ven Test facility Mot $290K (2007-20M1 for in-service test)
- (Owned) available Treasury -2 VOA
e 10002y $20Moncompliance
s, EDA %@‘“fffaéw Y
BLUENCY ZOHED

Certificate fee =2 Treasury =2 EPA

SETE staff that work on complience (C) and/or enforcement (E). Numbers are not directly comparable because the organizations mav have used different
assumyptions to develop the estimates.

b Exchange rate assumptions: indian rupees to LS, dollars (USD) = 0,015, Yen to USD = 0.0084, Chinese yuan to USD = Q15 GEP to USD = 1,45, ewros to

UsSD = 175,

develop the estimates.

anadian dollars to USD = 075 Numbers are not directly compearable because the organizations may have used different assumptions to

< California vehicle sales figure is estimated. More shading mdicates a higher number of vehicles sold or produced in each region.

Operational budget; budget including test facility installment and upgrade could vary greatly from yvear to year

¢ include testing two- and three-wheelers, work on both emission/efficiency standards and safety stancards

"Work on hoth emissionsefficiency standards and safety stanclards

i

d
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C&E programs with stable funding sources are more sustainable. For example, the UK
government conducted in-service vehicle testing at its own expense from 2007-201,
but stopped testing after 201 because of a limited budget. Many agencies have
established a mechanism with stable revenue to partly or fully support their C&E
Indian, South Korean, and U.S. agencies have fully covered the C&E program cost

with fees collected from the manufacturers, The German Ministry of Environment also
proposed collecting a fee of 2.85 euros per newly registered car from manufacturers to

upport market surveillance testing.®

Limited resources and budgets affect all C&E programs. Even in the United States,
where the government has allocated a relatively large amount c}f resources to the C&E of
vehicle emission and efficiency standards, resources remain constrained. With limitation
regarding Staff capacity, expertise, and budget, regulatory agencies seek to maximize

the effectiveness of C&E activities.

3.3.2. Testing capacity

Vehicle and engine testing capacity varies across countries, Of the 13 regulatory
agencies that are authorized to monitor C&E of emission and efficiency standards,
eight regulatory agencies have their own laboratories to support C&E activities, Some
government-owned la k)mamr es are part of government systems; thus, the labc}ramry
staff are government employees, such as the government-owned laboratories in Brazil,
California, Canada, Ch%i@a South Korea, the UK, and the United States. The laboratory in
Japan operates as an independent organization, but it is still under the control of the
regulatory agency and receives funding for the establishment of the testing facilities.
All regions that were surveyed have only one government-owned laboratory, although
sometimes the laboratory has multiple locations

How government-owned laboratories are used for emissions C&E testing differs. Chile
and Japan rely heavily on their laboratories to test every representative model for which
manufacturers apply for certification, whereas Canada, South Korea, and the United
States accept testing results from the manufacturers while using the government-owned

laboratories to selectively check manufacturers’ results, Brazil allows manufacturers
to test vehicles at their own authorized laboratories inspected by Environment
and Renewable Resources of Brazil (IBAMA) and accredited to Federal Ministry of

Environment & Natural Resources of Brazil (INMETRO), but the country tests some
vehicles in the government laboratory for select small manufacturers or importers that
do not have laboratories.? In addition, all of these laboratories conduct tests for research
and policy/standards development.

Governments that do not own laboratories, such as China, France, Germany, India, and

the UK, typically authorize public-private™ or private laboratories to conduct tests for
&E, These laboratories must meet certain standards and pass regular inspections

to maintain the authorization from the government, which allows them to ¢ rmdua,

emissions testing that manufacturers can use to prove compliance, The authorized

laboratories operate independently and generate profit from conducting tests for

g Bundesrat. Dritte Verordnung zur Anderung der Fahrzeug-Zulassungsverordnung und anderer
straflenverkehrsrechtlicher Vorschriften. (Dec 20165 http: //www bundesrat de/SharedDocs/
drucksachen/2016/0701-0800/770-16.pdf?__blob= publ|cat|onF|le&v 1

9 The laboratory in Brazil is currently used mostly for research rather than C&E.

10 Private entity that is supported and closely supervised by a regulatory agency
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clients. Canada, Japan, and the United States have g{:}wfmrf“z@rw-wwri@d or funded
laboratories, but they may also contract additional testing to third-party laboratories.
The United States frequently authorizes third-party iabmamnm to conduct additional
contract work. Japan accepts test results from six laboratories the country has
authorized overseas, such as UTAC of France and TUEV of Germany. There are also
nstances where a laboratory in one region cooperates with a laboratory in another

region to provide ¢ ‘ypmfmpmval service, For example, the [CAT in India and IBAMA in
Brazil have linked with VCA in the UK, which means that, if needed, they would use the
test results from the other laboratory directly for compliance purposes.

The authorized laboratories provide testing services to various parties, including to
manufacturers and regulatory agencies. Brazil and China have 35 and 15 authorized
laboratories, respectively, that conduct vehicles tests. According to the EU regulation,
each member state has technical services (i.e., authorized laboratories) appointed by
the type-approval agency (Le., the regulatory aq&mw) emd manufacturers can select

any authorized laboratory to carry out the test for emis s type approval, Regulatory
agencies in EU member states recognize ty;:‘)@ﬂp}:}mwﬂ certi fcaw from any type-
g;pmval agency in the EU. For market survelllance purposes, regulatory agencies in

France, mwmar v, and the UK contract with these authorized laboratories—typlically the
appointed laboratories in their res w,ﬁ ve countries—to conduct market surveillance
tests, as needed.” France accepts only UTAC as its authorized laboratory.

In Mexico, the regulatory agencies do not own a laboratory, but a laboratory owned
by the Mexican Institute of Petroleum can conduct certain emissions tests, although
it is rarely used for compliance purposes, Without sufficient t%tzrwg capacity, Mexico

reties heavily on the compliance program in the United States to monitor compliance

of vehicle emission and efficiency standards. In the case of h@avywduw vehicles, type
approval from a szmpe@m entity is also accepted. Regulatory agenc in Mexico will
grant type approval to a vehicle mmd@% if the manufacturer can prove c@n“zpﬁamm} with
the equivalent U.S. regulation;? demonstrate type approval from a European entity; or
provide type-approval test results from an authorized laboratory, which can be owned
by a manufacturer. Such a compliance mechanism s feasible in Mexico only because
Mexico typically harmonizes its vehicle emission and efficiency standards with the
United States, with 1to 9 vears of delay,” and the U.S, EPA agreed to continue issuing
certificates for HDVs that meet Mexico emission standards even after they were no
longer valid for sale in the United States. Mexico’s lack of test capacity means that it
does not have a mechanism by which to check the manufacturer-supplied emission
results of LDVs and other vehicles that are not available in the United States.

Table 6 shows the details of testing capacity in each region, including laboratory

type and number, what the laboratories are used for, and what kinds of tests they can
perform, Although the EC has its own testing center, it is not on the list because the EC
does not have authority to grant type approval,

1 Currently, market surveillance testing is done on a voluntary basis by EU mrrr%@»’ states. A proposal is being
discussed in the EU that, if passed, would reguire member states to conduct market surveitfance testing.

12 That is, providing certification to the equivalent LS, emission standards or using fuel efficiency value certified
inthe U.S.

1% The delay regarding the harmonization with the U5, standards depends on several factors, including the fuel
guality supplied within the Mexican territory, among other issues.
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Table 6. Testing facility, usage, and capacity for LDV, MDV, and heavy-duty engine compliance.

e
(]

Type approval
: Typeapproval; conformity-of
Autharized production (COPyte
Type ¢ al, confirmatory, COP,
California Owned 1 fype approval, F?émmjmfy‘ COP, 1% 1% 1% 1%
and in-use surveillance test
Canada Owned 1 COPRinsuse survelliar tmi ¥ o W o
Chile Owned 1 Type approval, COP test of LDVs W W
China Siithorized 15 Ivpeapproval co l?fﬁl m{gmﬂyﬂyx S0P v v v v
andin-use surveillance test
France Authorized 1 Type approval, COP test "4 [%4 [%4 [
Zfe nole o valiinsuses sillanc
Germany Aithorizad 12 fm"}i&frzc')%a Type-approvalin-use-survaillance - v
vehicles test
India Authorized 6 Type approval and COP test W "4 [ 4
Ture aporoval confirmatory Cop
Funded el @ypcl A}Ww%’/dh wm[ rn%mim COPR; v o
(2locations): sandinsusesurveillance test
Japan
Authorized 5} Typeapproval L&
(Overseas) YPE SRpIove
Mexico Authorized 1 Type )momﬁ W W
South Korea:  QOwned DT WUQ approval, C@jmf ﬁ } ‘“}‘y" COP. W o W o
Fdocations)y mandivusesurveillance test
Owned 1 trgi:tre approval, in-use surveillance W W o W
UK N ) )
Authorized 1% %-':fi@ approval, in-use surveillance v v v v
TyE r : P
Owned ] Tyipeapn mva% confirmatory, COI . v 7 o
anchin~usesurvelllance test
LS
: i o T SR R ™y 3
Authorized 1 C?mty%‘ft’ ng Li“‘ EPA for Unavailable
complisncetesting

“ This table reflects the basic testing capacity of each market; state-of-the-art testing capacities, such as use of an environmental chamber, are not
speacified in the table.

Testing conducted by government-owned laboratories is generally considered to be
credible because the funding structure does not create any perverse incentives, such

as pressure to please clients or to compete for business. Conversely, government-
authorized laboratories are typically profit driven and compete with other authorized
ting: therefore, it is
necessary for the regu fdl@i’y agencies to perform checks that verify the reliability of the

laboratories for business, This may compromise the guality of the

test results from these public-private or private laboratories.

Authorized laboratories in China are mandated to connect test facilities to the MEP
over a computer network and share real-time test results (Ministry of Environmental
Protection [MEP], 2016a). 4 Some authorized laboratories also voluntarily install

14 Before Aprit 11, 2016, the Chinese MEP reviewed annual reports from authorized testing laboratories to assess
their test and management capacities. The MEP remains authorized to conduct periodic on-site inspections of
laboratories. (MEP, 2016a)
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cameras in the testing room, which allows MEP representatives to witness the tests
remotely. South Korea accepts test results from manufacturer laboratories, and the
Ministry of Energy in Korea audits manufacturers’ laboratories every 3 vears to validate
manufacturers’ capacity to properly carry out testing. Some countries, such as China
and the United States, have provisions in their legislation that hold the authorized
laboratories responsible for their test results,

In general, some regulatory agencies already have their own test laboratories that can
carry out a range of dynamometer and on-road testing. These laboratories ensure that
the regulatory agencies have the test capacity to check and monitor the compliance

of emission and efficiency standards, For regulatory agencies that do not own test
laboratories, but Instead use authorized independent laboratories to carry out testing, it
is important to have a management system in place to guarantee the credibility of test
results from those laboratories.
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4. COMPLIANCE WITH VEHICLE EMISSION AND
EFFICIENCY STANDARDS

Compliance with emission and efficiency standards applies to vehicles and

{mqi rnes before they are produced (m@»prm;ﬁuctmn compliance), while they are

n procduction (in-production compliance), and after they are sold to customers
{m}s“ -production compliance).

Mwmmﬁmmiw& compliance ensures that the d%%qm of the vehicle or engine and its
emission-control system is capable of meeting emis v standards throughout the
\/@mcm'ﬁ life before the vehicle is authorized for ¢ majuz:“ N and sale.

In-production compliance ensures that vehicles or engines, either on the production

line or in the sales yvard of the dealership, meet the emission standards to which their
pre-production counterparts were certified. In-production compliance is typically proven
through &TLOf‘ifQFﬁ“ﬂ‘t‘y‘ of production (COP) testing, which consists of checking production

line gquality and testing production line vehicles or engines.

Post-production compliance ensures that the vehicle or engine continues to meet
durability issues,

emission standards throughout the vehicle’s life with no design defects,
or q}th@r compliance violations

These three types of compliance can be demonstrated by emissions and efficiency™
tests performed by manufacturers, regulators, and/or third parties, such as authorized
laboratories, depending on the regulatory requirements.

Depending on the objective and purpose of the testing, there is a range of testing
methods and procedures to verify compliance.

»  Test the vehicl
driven on a chassis dynamometer at specific speeds following the reguired testing

:s in the laboratory on the chassis dynamometer, Vehicles are
procedure while analyzers collect tallpipe emission and fuel efficiency data, This
may include an upfront coastdown test to evaluate the road i{}mj c;vf the vehicle,
s dynamometer
testing. This type of test is commonly used to test LDVs and sometimes HDVs.

s

whi c:h determines the simulated driving resistance during chas

» Test the engine on the engine dynamometer, instead of testing the whole vehicle on
the chassis {Wm:wmrm,tw to evaluate the emissions and Mf ciency of the engine.

This type of test is only common for HD engines.
» Measure real-world vehicle emissions with a portable emission measurement system

(PEMS) while driving on the road. This type of test has been used more freguently

for HDVs but is now starting to be used more often for LDVs.

» The testing entity may follow the same test procedure that was originally used to
verify the manufacturers’ test results or may perform additional tm‘ttr“aq outside of

the standard protocol, such as running special test cycles on the chassis or engine
dynamometer and PEMS, These tygm of tests may help to detect illegal defeat

devices and off-cycle emissions issues.

15 Demonstration of the compliance of fleet-average fuel efficlency standards for pre-production vehicles
sometimes reqguires an estimation of annual vehicle sales.
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In addition to individual vehicle testing, there are other cross-cutting programs

that play a complementary role in vehicle emissions compliance, including defect
reporting, warranty reporting, inspection and maintenance programs, roadside testing,
and consumer reporting initiatives. These programs provide data that allow for the
identification of potential compliance issues and are especially valuable for regulatory
agencies with limited resources.

Figure 2 llustrates potential elements in a vehicle emission and efficiency C&E scheme
over a vehicle’s useful life, There is significant variation among regions, including the
role of the regulator, the method for selecting test vehicles, and the location of the

test. Regions have different priorities in monitoring and investigating each type of
compliance, The C&E activities have been evolving in most regions, although at different

paces. The following subsections summarize, by region, practices for each element of

the compliance program.

Regulator

Manufacturer

Supporting activities

Pre-production (Design)

v
Post-production (In-use)

Figure 2. Elernents in vehicle emission and efficiency C&E schemes.
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4.7 PRE-PRODUCTION COMPLIANCE

To enter the market, vehicles and engines are typically required to demonstrate that
the vehicle or engine conforms with applicable emissions and efficiency requirements,

ased on evidence submitted by manufacturers an d; sometimes, the regulatory
agency’s investigation, the regulatory agency issues a type-approval certification'™ or
other f@rm of approval that allows the vehicle to b@ sold on the market.

In most cases, manufacturers must conduct tests to prove their vehicles or engines
meet the standards. Because Canada harmonizes its emission and efficiency standards
with the United States and its vehicle market extensively overlaps with the U.S, vehicle

n“zark@t,”’ Canada relies on the U5, type-approval program and accepts the certification

issued by the United States. For vehicles not covered by the U5, EPA certificates,

Canada assigns experts to examine manufacturers’ appl%m‘cmr Mexico accepts the
type-
certifies models based on test results from laboratories that can be owned by the

approval certification issued by the United States and EU, if it is avallable, or

manufacturers. in Caﬁfmm&. manufacturers must submit separate applications to show
that the vehicles meet California emission standards to sell their vehicles there.

Manufacturers must perform the testing at their own expense at the type of facility
reguired by th@ l@gmlatt@r“a or regulation, Depending on the market, a manufacturer must

perform the pre-production certification testing at one of the following:

€

»  Atbits own laboratory, which is established and operated by the manufacturer, or
contract the service to independent laboratories that are authorized to provide
such services (e.g., Brazil,® California, Canada, South Korea, United States)

» At an authorized independent laboratory or at its own laboratory with a witness
from the authorized independent laboratory (e.qg., China, France, German, India, UK)

» At the regulator’s laboratory (e.qg., Chile and Japan) or at its own laboratory with a
witness from the regulatory agency (e.q., Japan)

In the EU, each member state assigns one or more technical services' with authorized
laboratories to conduct or witness type-approval testing. The ty:j%wamzmml agency
of each member state

ssues a type-approval certificate based on test results from
and recognizes certificates from q}th@r type-approval
authorities across th@ EU. That means manufacturers can choose in which member
state to apply for emissions type approval, test their vehicles in any technical services
authorized by that member state, and sell vehicles to all member states with certified

its authorized technical services

type approval,

To decrease the number of tests a manufacturer needs to conduct, regions categorize
vehicles into a test group/family and approve vehicles that are representative of
the group/family. For emissions testing, the representative vehicles are typically the

16 The term for this crocess varies by reglons. See Appendix B

17 Approximately 88.5% of the models (99.5% of sales) sold in Canada are also certified and sold in the
United States.

18 Brazil monitors only some of the tests conducted at
example, for flexible fuel vehictes that are required to
(50%/50%), CETEST, Brazil's technical agency, withes

importers’ or manufacturers’ labaratories. For
Cwith gasoline, ethanol, and gasoline/ethanol mixt
es the test with one of the three tvpes of fuels.

19 Inthe EU, a technical service is an organization or a body designated by the national apperoval authority to
carry out tests or assessments on behalf of the approval authority.
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models with the highest emissions of each test group/family. For conformity with fuel
efficiency standards, manufacturers sometimes need to test additional vehicles (more
than one per group/family). For example, in the United States and Canada, 90% of
vehicle subconfigurations produced should be represented by pre-production test data.
To prove they have met this requirement, manufacturers need to estimate the number
of vehicles they will produce at the beginning of the calendar vear and verify the
estimation with the actual number of vehicles produced by the end of calendar yvear.

The submitted certificate/type-approval application typically includes test results and
technical details for the vehicle. The regulatory agencies then review and audit the
materials and approve or reject the manufacturer’'s application. This review process
consists of automatic computer screening and/or a manual exam by technical staff to

check the completeness of the report and identify unreasonable information. If the initial

application is rejected, which is not unusual in some countries, the manufacturers may
communicate with regulators to discuss the issues with the application and resubmit
t after revision. In China, around 30% of type-approval applications are returned for
various reasons (e.q., unreasonable road load given the vehicle characteristics, incorrect
report format).

n addition to reviewing manufacturers’ applications, some r@qulamry agencies
alfy‘q} conduct confirmatory tests to validate the test results mw(}rmd v certification
applications. The
conduct ﬁ@rtiﬁ ~ation testing with no or limited government supervision, For example, to

» confirmatory test is especially rigorous in regions where manufacturers

verify tests conducted by manufacturers without any supervision, South Korea and the
United States select vehicles and engines for confirmatory t%txrwg Each year, the U.S.

EPA selects about 15% of LD

targeted selection. South Korea randomly selects vehicles and engines for confirmatory

Vs of all test groups through a combination of random and

testing. To \/@r%fgf the credibility of the testing performed by authorized independent
laboratories, China MEP-VECC contracts with independent laboratories to conduct

confirmatory tests on randomly selected vehicles,
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BOX 1. ROAD LOAD AND REFERENCE MASS

Thie road load simblates forces from driving stance of a moving vehicle, such
an rolling resistance ang aerodynamic drag, when testing statiohary vehicles
tied down on a chassis dynamometer b is partially influenced by vehicle

rafars 5. The road load s important b@mu et delermines the amount
of force that the dynarometer pmc@a on the vehicle for i to overcome durin
testing. M the road-load values are too low the test will regidire the vehicle
fousedess power and thus less fuel which leads o inacourate fuel efficiency
testing results,

Theroadload s measuredthrough a coastdown test an independent tast that
evaluates s vehicle's resistance at certain speed and load conditions and then
reproduces therm during testing ondynamometers. Monitoring or auditing the
road-load test s cansiderad important in some regions, but has nolt yel been
adopted by mostregions

s

For certification tests at the agency s laboratory in both Chiléand Japan, the
sgencies weigh the test vehicle onsiteChile uses the road-load value provided
by the manufacturer Japan started to perform unannounced witnessing of
nanufacturers coastdown tests from September 2016, after a fuel economy
scandalthere?? in Chine and India, the authorized leboratories test the mass
and road load that are used for the type-approval test, China also makes it
aptional for manufacturers to determine road-load factor using preset values
acliusted to vebicle specifications inthe regutation rather conducting tests, but
albmeanufacturers prefer to conductc

i

sstaown tests for better results: China
sudits road-load values through data screening to make sure the road=load
value s within a reasonable range given certain vehicle characteristics: The EU
doas nol specity the way that the mass and road %Omi should be collected for
the typerapproval test Technical servicesin France and the UK Test or wilness
the mass and road joad that aré used for the typesapproval test in Brazil the
government agency does not witness any coastdown tests

We found that all agencies in the examined regions that perform confirmatory
testing weigh the test vehicle on site. China and South Korea use road-load
factors provided by manufacturers or authorized laboratories for thelr
confirmatory testing. Some countries audit the road-load test on in-production
or posteproduction vebicles, such as Canada, Japan, and the United-States (see
Sections 4.2 and 4.3).

Table 7 summarizes pre-production compliance reguirements in each region.
Regarding where manufacturers are required to conduct type-approval tests, the
level of government supervision increases, from manufacturer-owned or selected
laboratories to agency-authorized independent laboratories to laboratory testing

with an agency witness, and finally to agency-owned laboratories. Having the agency
or authorized laboratory check the road load used for vehicle testing adds another

20 Mitsubishi admitted cheating on fuel economy coastdown tests in Japan in 2016 (Mitsubishi Motors, 2076).
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level of government oversight., The regulatory agency may check the compliance of
pre-production vehicles through monitoring the guality of the laboratory where the
manufacturer conducted the test, conducting confirmatory test of vehicles and engines,
or conducting other auditing tests to check key inputs such as mass and road load, Only
in select regions (e.q., China, South Korea, and the United States) are manufacturers
paying for the confirmatory and auditing tes

a

s conducted by the regulatory agencies.

Table 7. Manufacturer and agency testing to verify pre-production compliance.

i
i

Ml . . .

Ul e

mHH\HHHHHHHHHHH\HM M More government oversight ,; More comprohensive monitoring

Q/z; ﬁ/
Or submit certification issuad in the U5,
Chile Ve = = W o
China 4 W %4 74 [ W
France W k o
Germany W "4
india [ v
Janan "4 "4 "4 - - . -
W
Mexico -
Subrmit certificationissuedinthe USand EY

South W v v v
Korea
LK v b o
us 4 v 4 4 4

‘Brazit monitors only some of tests of flex fuef vehicles conducted at the importers’ or manufacturers’ labioratories.

8The manufacturer coastdown test fs fully withessed by the technical service in France and partially withessed (withessing of some runs or some birief verifications)
by the technical service i the UK.

Note. The - symbol means that the fevel of agency monitoring is sufficient during manufacturer testing.

4.2 IN-PRODUCTION COMPLIANCE

In-production compliance, typically called conformity of production (COP), ensures that
the vehicles and engines in the production line or in the sales vard of the dealership are
in accordance with the approved specifications in the pre-production application. The
reguired testing of in-production vehicles is typically the same as in the type-approval
test, although the regulatory agency sometimes may conduct additional testing to

screen for a specific i

sue, such as the use of a defeat device.

In many regions, manufacturers must demonstrate that their newly produced vehicles
rtified during
Manufactures demonstrate in-production compliance by

and engines comply with the regulations, in the same way that they are ce
the type-approval proce

oos

N
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routinely checking production line guality,? testing products as they leave the assembly
line, and submitting COP reports p @rlod cally. The sample size for the test should suffice
for verifying compliance of @a{:%‘ yvehicle/engine group that has received a certificate.
The testing procedure and r@guir@m@nt of key tests?? are usually the same as pre-
production test, but where to conduct the test can differ from pre-production testing.
For example, manufacturers in China and EU member states can conduct COP tests

in their own laboratories instead of using agency-authorized laboratories, as must be
done for the initial type-approval test. Chile and India are the only two regions in this
report that require manufacturers to test vehicles in an agency’s laboratory or agency-
authorized laboratory.

For compliance of produced vehicles with fuel efficiency standards, India, Brazil, and
EU member states allow the COP test to be, at most, 8% higher than the tw)@ -approveal
value for LDVs. The COP tolerance margin for fuel con %um{)tw} n China is 4% for LDVs
and 6% for HDVs in the regulation, but it is never checked in practice.

In addition to reviewing the manufacturer's COP reports, most regulatory agencies that
}
and Japan check the manufacturer’s production line to verify its capability of producing

We i«;ur\/@y%ﬂ take additional actions to verify in-production conformity. Q‘hma; the ,
vehicle systerns and components and to ensure that the assembly is consistent with the
certified criteria

Many regulatory agencies carry out confirmatory testing of production vehicles. For
regions where vehicle or engine manufacturing occurs, the agencies can select vehicles
from the production line directly; some agencies also select new vehicles that have

not been sold from dealership stock, as is the case in Canada and Chile, In most cases,
the regulatory agency randomly selects vehicles without prior notice to avold possible
cheating (i.e., swapping a production vehicle and engine with an example model).
Paving surprise visits is a critical )trawgy to ensure effective confirmatory testing. For
example, China conducts surprise visits to manufacturers to select vehicles for COP
testing, because, for a long time, manufacturers knew when the agency was coming
and would choose the model for COP tests via informal information channels and would
prepare acz:c‘:@rajmgwx Thus, China has learned to adopt a more confidential approach to
prevent information leaking to manufacturers.

Maost regions require manufacturers to cover the cost of the agency’s COP testing, except
Canada, where the regulatory agency purchases new vehicles from the dealership for
testing and then selis the vehicles at public auction if they are found to be compliant.

21 Inthe EU member states and Ching, it is sufficient for the manufacturer to demonstrate that it has a guality-
management system (e.g., as defined by 150 900D in place (Mock & German, 2015,

22 Key tests refer to testing to check tailpipe emissions and fuel efficie mw/(‘s”? emission of vehicles, Other tests
(e.g., evaporative emissions test, durability testy may not be reqguired for in- pmd uction testing.
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BOX 2. CHECK COMPLIANCE OF ON-BOARD
DIAGNOSTICS SYSTEM

Some agencies take acditional steps to ensure functionalty of the oh-board
diagnostics (OBD) system: The OBD svstem s designed to help ensure proper
operation of the vehicle’s emission-control system Uf alerting the driver incase
of malfunctions untii they are mp&z“mcj Wmonitors the performance of engine
and aftertrsatment ¢ Qmpmmm specially those responsible for controlling

i Ul poliutant emissions Thmofﬂm gefactive OBD systéms colld directly
lead to high in=use emissions. Note that according tothe U.S ERNs periodical
orogress/compliance reports malfunction of the GOBD was one of the most
frecuent causes ofemissions related to vehicle defects inreports for 2012 and
2015 models (ERA, 2018

Canada, Frandce, dapan. South Korea, and the UK check OB functionalitvin
three ways: (a) check the malfunction indicator lamp when emissions exceed
standards during testing, (b)) replace some components inthe em Shis-control
systerm with broken parts to check whether the OBER system can identify the
probler, and (©apply malfunction simulators to check whetherthe OBD
system can identity the problerm. The second and third approaches may negd
support fromithe manufacturer. South Korea clearly specifies that, uponregtiest,
the manufacturer shall make avallable to the authoritiesall test equipment

fe.g. malfunction simulatars deteriorated threshold components) necessary to
determine the maltunction crteria (Posada & German 20160 Canada recently
started to checkithe OBD system by comparing OBD readings to actual
emission-controbsyster signals, California?? checks complance of the OBD
reguirement oninsuse vehicles, which s discussed further in Section 4.3,

Regulatory agencies in the EU member states and the United States do not currently
conduct COP testing, but they reserve the right to do so. Although the EU empowers
the regulatory agencies of member states to conduct in-production testing, France,
Germany, and the UK do not actively audit in-production compliance, Prior to 2000,
the U.S. EPA conducted a significant amount of COP testing (He & Jin, 2017). To avoid
failing, manufacturers would voluntarily test thousands of new cars each vear to find
emission problems before the agency conducted its testing. The COP auditing was a
very effective program for a few decades, and by 2000, both light- and heavy-duty
audits rarely failed. The U.S. EPA stopped performing its own COP testing in 2000
except in cases of possible fraud. AL that time, the agency shifted focus to | se
testing, as described in the next section. The development of the U.S. in- )mduf tion
compliance testing program demonstrates that if the regulatory agency has enough
capacity to carry out testing—and presumably take actions when noncompliance is
found—the manufacturers are more likely to 'mpl@m@r‘it’ effective practices to confirm
they are producing compliant vehicles and engines. By contrast, regulatory agencies in
Mexico take no action on COP verification because th@y have limited authority to verify
the emission conformity of produced vehicles .

2% Maost vehicles in the United States demonstrate compliance with the federal OBD standards through an OBD
approval from the state of California.
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Canada conducts confirmatory COP testing on approximately 10 LDVs and 2 HDVs?4
every year on chassis and/or with PEMS. As previously mentioned, the majority of
vehicles sold in Canada are also sold in the United States. Accordingly, Canada's testing
is conducted in coordination wi H the U.S. EPA to help broaden the scope of testing
coverage and maximize efficiencies in the administration of the respective programs.
There is no in-production compliance testing requirement in Mexico for vehicles that
are not sold and certified by the U.S. program. South Korea conducts COP testing on
about 100 vehicles annually, with LDVs tested on a chas
ested with PE
produced since 2016,

is dynamometer and H

MS. Canada and Japan started to audit coastdown tests on new vehicles

Table 8 summarizes in-production compliance requirements in each region

Table 8. Requirement for in-production compliance.

Brazil 4 4

Canada »98% models covered by USiprogram s e ﬁar'ﬁ:ia! g

Chile W W W W W W W
ahm W o ‘ M e ‘ (%4 ' W
France

Germany "4 "4 "4 "4

UK

india 4 ' L . W o W W
Japan %4 4 W 74 4

Mexico Noexisting program

img v v v v v v v
1.8, (4

Bevond checking the production line and dealership stock, mquldt@ry agencies sometimes
design special programs to address certain compliance issues, For example, in 2014,
China's regulatory agency discovered that some new vehicles were not equipped with
devices, such as common raill injectors and diesel particulate filters, that were installed

N the originally certified engine, China requires that local regulatory agencies conduct
vmua? checks to confirm the installation of relevant devices on new vehicles at their first
registration. Because these devices can be identified by visual observation, it is possible
to tell if the device is not installed when it is sold as new to consumers. This approach
cannot replace laboratory testing, but it can effectively screen for vehicles that do not
have the key hardware reguired to meet certain standards,

24 Sometimes heavy-duty engines are chosen for testing on an engine dynamometer,
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4.3 POST-PRODUCTION COMPLIANCE

Post-production compliance ensures that in-use vehicles meet applicable standards
after they enter the market and are used in the real world. Some countries use the
term in-use compliance or in-service compliance. Post-production c;:mﬂp%iam;@ can
identify issues that pre- and ir‘vpmdua‘,tmn testing cannot, It (a) verifies durability of
key emission control and efficiency technologies, and (b) identifies \mh “les that emit

i

excessive pollutants due to poor d@mgn and defects in or deterioration of the emiss
related parts, which are mainly the fault of manufacturers.,

on-

BOX 3. IN-USE VEHICLE COMPLIANCE AND
IN-USE VEHICLE MANAGEMENT

There ls s wide range of possible reasons for (pbwwm@; highin=useiemissions
fromivehicles and engines: These include emission=controbmanufacturing
defects durabilibyiissues, defeat devices, poor maintenance, and tampering,
although poor maintenance and tampering are generally not the responsibility
of the manufacturer

Post-production comphance testing and related activities suchias defect
reporting. are focused on identifying 18stes thal are the responsibility of

the manufacturer and that would ikely be resolved through arecallb or
othercorrective action. Thisimakes in-use C&E different from insuse vehicle
m&mq@m@m, suchasinspection and maintenance (/M) which aims to avoid
hicihie sions as aresult of poor maintenance or removal of or tampering with
the @W‘?ii&fi!@ﬂ“@@ﬂﬂ@f parts,

Currently, mandatory in-use compliance tests focus mainly on checking the conventional
pollutant emissions of in-use vehicles and enc . Canada and the United States are the
only two regior
States is currently the only region H at reguires manufacturers to check and report CO |

ns that ha\m CO, emission mzautmm@mtg for in-use vehicles. The United
emissions from in-use vehicles. An in-use vehicle can be determined to be noncompli cmt

if the CO, emission value exceeds its certified CO, value by more than 10%,

To check in-use compliance with emission standards, the basic test protocol is to bring
the in-use vehicle back into the iabmamry and retest it on the chassis dynamometer
using the same test procedure as for the type-approval test. However, many regions
are moving away from a simple repeat of the original type-approval test to a more
diverse test protocol that measures emissions with a PEMS while the vehicle is being

driven on the road. Some regions share the testing burden relatively equally between
manufacturers and regulatory agencies, whereas some rely more on one than the other,

Ching, the EU (ncluding France, Germany, and the UK}; South Korea, and the United
States require manufacturers to regularly test i se vehicles on chassis dynamometers,
although the detalls of the recuirements vary.

» China has required manufacturers to test in-use LDVs since 2007, Manufacturers are
reguired to submit Quarmri and annual reports of their test results. In addition to

chassis dynamometer tests, LDVs that are certified for China 6 emission standards
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are required to undergo in-service conformity PEMS testing. The proposed China VI
HDV emission standards reguire manufacturers to conduct PEMS testing for in-use
vehicles with mileage higher than 10,000 km.

» The European Commission introduced the in-service conformity testing of LDVs in
2001 Manufacturers must test vehicles selected from consumers and report back
every year to the agency that initially granted the type approval. The regulation
allows the manufacturer to determine its own methodology for testing to prove in-
use compliance; however, in most cases, the manufacturer opts for a straightforward
repeat of the type-approval test. The European Commission also introduced in-
service conformity PEMS testing for HDVs that has been in effect since 2013,

» The U.S. in-use verification program (UVP) reguires manufacturers to carry out
chassis dynamometer testing for LDVs, medium-duty passenger vehicles (MDPVs),
and complete Class ZB/3 HDVs up to 14,000 Ib without prior screening for proper

intenance at both low and high mileage. Manufacturers must report immediately
if any vehicle fails the test and report guarterly if no failure is found. If the faillure rate
under the UVP reaches a predefined level, manufacturers must then proceed to test
more vehicles under the more rigorous in-use confirmatory program (UCR), The
JCP reqguires manufacturers to test properly maintained vehicles in order to exclude
the potential impact of improper maintenance. The United States also requires
manufacturers to conduct in-use PEMS testing of heavy-duty diesel engines.

In the ideal manufacturer in-use testing program, the guantity of tests would be
designed so that the test results would represent nearly complete coverage of the fleet.
For tailpipe emissions, depending on the sales of the test group/family, the United
States requires manufacturers to test somewhere between zero and six vehicles per
test group (defined in Appendix B), whereas China and the EU require manufacturers
to test between zero and three batches per in-service family (defined in Appendix B)
with a minimum of three vehicles per batch. In addition, the United States requires
manufacturers to test one vehicle per evaporative/refueling family (defined in Appendix
B) to verify evaporative and refueling emis

In most countries, the regulatory agency plays a supervisory role in in-use surveillance
programs—also referred to as market surveillance in some regions—including reviewing
test results submitted by manufacturers and performing in-use surveillance testing.
Reviewing manufacturer self-monitoring reports could help regulators discover design
defects and verify the durability of emission control devices. The U.S. EPA refers to these
reports to help determine if the agency needs to conduct its own in-use surveillance

test on a vehicle. In the United States, manufacturers commonly agree to perform a
voluntary recall if they find a vehicle that has failed the IUVP/IUCP testing has a problem
that can be @as%iy diagnosed. In China, there are no documented cases of regulators ever

receiving an in-use report showing that any vehicle has failed the test. [t is unlikely that
s on any in-use vehicles in China, but more likely
indicates that there are loopholes in the testing program that are being exploited.

this indicates that there are no de

Some regulatory agencies carry out their own in-use surveillance testing to examine
the reliability of manufacturers’ in-use reports, verify potential issues identified through
Section 4. 4) and detect illegal defeat devices that reduce the
effectiveness of emission control systems in real-world operation. Additional actions

other resources (see

from specific regions include the following:
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» California conducts confirmatory emissions testing of a manufacturer’s test vehicle.

» Under the Framework of the U.S.-Canada Alr Quality /wré‘@mwt Canada
coordinates with the U.S. regulatory agency to conduct i se testing to broaden
the scope of testing coverage and maximize the @‘fﬁd@rﬁcx@s ir the administration

f the respective programs. The number of vehicles tested by Canada varies from
vear to yvear based on budget and available test capacity, with an average of 10 to
15 LDVs and five HDVs annually. Canada typically acqguires a low-, mid-, and high-

mileage vehicle to assess its in-use compliance,

» China has been conducting its own in-use vehicle testing since 2016,

» The European Commission does not currently mandate that type-approval
agencies in member states conduct confirmatory in-use testing?® In the past,
some member states, such as Germany and the U <5 haws conducted voluntary in-
use surveillance testing programs, but those programs were terminated because
of budget constraints. From 2007 to 207, the UK tested approximately 30-45
vehicles per year. Sweden has been conducting regular in-use surveillance testing

rnice 2009, testing an average of 21 vehicles per yvear. The Netherlands has had an

987 and for HDVs since 2011

that periodically tests in-use vehicles. After the Volkswagen defeat cj@v%c@ scandal

in-use &fjﬁf}fﬂw[i{ﬁi’\ﬁ@ orogram for passenger cars since

broke in September 2015, the regulatory agencies in some member states, including
the UK, France, and Germany, launched projects to test in-use diesel vehicles in

2016. The UK tested 38 vehicles, Germany tested 53 vehicles, and
vehicles, It is not clear if these in-use testing programs were one-time occurrences

rance tested 86

in response to the dieselgate scandal or if these programs will continue. Currently,

rnone of these regions has announced any plan f@r a regular in-use testing program.

» Japar’s MLIT selects about five models and 20 vehicles on which to conduct in-use
testing each vear.

» South Korea tests about 30 to 40 vehicle types and 3-4 samples of each type,
following up with confirmatory tests of vehicle types that fail the screening tests
(5-10 samples per vehicle type).

» The U.S. EPA selected 33 classes of vehicles in 2012 and 2¢
tested approximately three vehicles per class. If a vehicle class fails the screening
test, ULS. EPA conducts confirmatory testing of 5-10 vehicles of that cle

classes in 2013 and

55, Since
2010, the United States has conducted confirmatory coastdown testing on
10-20 vehicles per year to verify the road-load coefficient used in the chassis
dynamometer for emissions and fuel economy testing.

Some agencies check the malfunction light ilumination and read and analyze the
historical OBD code record to verify the condition of the tested vehicle and repair
needed before starting any confirmatory in-use testing, such as in the United States
and Canada. Canada also has started tests to verify the OBD system details of the

in-use vehicle, the same as for the confirmatory COP test, including comparing OBD
r@aﬂir‘igs to actual emission control system signals. Cali fmrr a conducts special tests for
confirming OBD system functionality on production vehicles, The regulatory agency

may replace components monitored by the OBD system wi t% v components that are
sufficiently deteriorated or simulated to cause malfunctions that exce

sol the malfunction

25 The type-approval framework proposal that is under discussion would change . More information at
http://eur-lex.europa.eu/procedure/EN/2016_14
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criteria in the regulations. California and South Korea reqguire the manufacturer to make
available to the authorities all test eguipment upon request for the in-production vehicle
OBD test. The typical test sample size in California is 10 to 12 manufacturers and one

vehicle model from each.?®

Unlike most government-run COP confirmatory tests, the costs of government-run
in-use surveillance testing are not all covered by manufacturers in all regions. Only South
Korea and the United States reguire manufacturers to pay for in-use surveillance testing.
In other regions, such as Canada, China, and Japan, in-use surveillance testing is covered

by the government agency’s budget. Table © summarizes post-production compliance
reguirements in each region.

Table 9. Requirement for post-production compliance by region.

Brazll No existing program

1015
Canada >98% models covered by UiS program o Targeted LDV
5OHDVG
. P , LDVs low mileage (210,000 mi/T yr) and , ) Not Not
California v high mileage (50,000 mi/4 vr) v v available  available v
LOVs bebweerr 15000 km/6 months and
100:000km/Byears (China 5) Nt
China e LDVsilow imileage (10,000-60,000km)/ W W Targeted au/'%e;r%ﬂ'f%@
medium (60.000-10.000 km)/high SLEEE
O.000-160,000km) (China 6
Chile No existing program
France U DVs between 15000 km/6:months and . One-time
, 100,000-km/5 vears e
Germany ¥ i iGhter HDVs < 300000 Km/6 years v One-time
UK Ve Heavier HDVs = 700,000 km/7 vears W Crg=time
India No existing program
8 Mot 20
Japan L svailable s (HD\)
LDV
Korea "4 "4 "4 Targeted SO-140 "4
HDV
Mexico Noexisting program
LDVs low mileage (210,000 mi/1 yr) and — o
= v v Targeted 75-100 v v
U.s. v high mileage (>50,000 mi/4 yr) aroerec ?
Heavy-duty diesel engines 4

26 Manufacturers also conduct self-testing of production cars for every individual fault, usually with stmulation by
software and calibration.
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4.4 RESOURCES SUPPCORTING REGULATORY AGENCY
COMPLIANCE ACTIVITIES

ri-cepth vehicle emissions testing, either on a dynamometer or with PEMS, to
Mjé%mtxfy the cause {:)F emission system failures is quite expensive, With resource and
capacity limitation, confi f’matww testing by the government cannot cover as many
vehicles as in manufacturers’ testing; thu:«";; vehicle selection is an important element
of any government testing program to increase the odds of dm tifying vehicles with
compliance issues during testing.

Agencies may create and leverage various sources to monitor emissions of both new
vehicles and in-use vehicles to identify vehicles that are candi damf f@r further testing
One key source is the data that the manufacturer supplies through pre-, in-, and post-
production testing (covered in Sections 4.1-4.3). Some agencies refer to information
and data that come from programs that may be designed to discover emission issues
attributable to manufacturers, but also can be used to screen in-use vehicles to uncover

potential compliance issues, These sources include emission Wﬁrrar\ty reporting, defect
reporting, I/M pmqmmw OBD records, remote sensi c,; or pium@ capture, and consumer
or public service technician complaints, In some cas nformation exchange from

interagency ¢ oiﬁabﬁwt ion and public information alw provides valuable

BSOUNCes.

For example, Canada and the United States have a long history of collaboration under

the framework of the U.S.-Canada Air Quality Agreement toward the coordinated
mplementation of their vehicle and engine emission regulations, As most vehicles found

in the United States can also be found in Canada, w two countries often coordinate the

emissions testing. The U5, EPA announcement of Volkswagen cheating on emissions

tests with Hlegal defeat devices resulted in more surveillance testing on Volks Wf:wmr
vehicles in other regions, including France, Germany, South Korea, and the U

Table 10 shows the channel of information that is available in each region and whether
it s used for agency compliance programs. Note that most sources in this table provide

support for emission compliance only. Only consumer reports sometimes provide
information on vehicle fuel efficiency. The following section elaborates on the practices
of each source.
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Table 10. Data/information sources to support regulatory agency compliance activities.

i

Notes: O Have the program nationally = Only in some regions/projects o use the program Ffor complianee

California

Canada o 4 o v F o 4
Chile o o} o k
China o 4 o o o o 4
France o O : o O

Germany o o o o

India e] o e o

Japan o o "4 o oW o o "4
Mexico O “

ﬁgmg o %4 o %4 o 4 o %4 o ¥ 0 o o 4
(1.8 (8] o 0 o

U.5. o} U o U o} o v o v o v o 4

Certification information. Some agencies refer to the certification documentation

to make decisions about which vehicles to investigate. To receive certification

to sell

vehicles in certain markets, manufacturers in most regions must submit applicatio

materials that provide information on engine design, production volume, type of

emission control equi pm{*nt nstalled, as well as testing data to show that the vehicle or

engine meets the emission and efficiency standards for its regulatory useful life. India is

an exception; there, the certification test data are collected by the test agency, but the

regulatory agency does not have access to it, so it becomes nec

S

agency to acces

xssary to empower the
s and review the testing details and results whenever needed.

Canada, China, South Korea, and the United States are inclined to test vehicle models

that have a higher potential of noncompliance based on certification and sales

information. For example, in China, if the type-approval application of a vehic

= has been

returned for revision due to problematic data, unreasonable [(mw‘ or even a ?&l@ test,

it may become a candidate for the agency’s confirmatory testing. The United States

pays attention to vehicles with small compliance margins? in refiatwri toits

applicable

standard limit as well as to vehicles d@pmy@cﬁ with newly commercialized technologies.

volumes, sometimes targets specific tech m}mq ies, and pays special attention

Canada verifies the compliance margin in certification documentation and sales

to vehicles

that are not certified in the United States for testing. South Korea maw select vehicles
with high sales volumes, new technologies (e.g., certified for Euro 5 emission standards),
or special vehicle categories (e.g., SUV or mini car) for in-use t%txrwg (MNational Institute

of Environment Research [NIERT, 2013, 2014,

QEM COP test and in~use test. Information in the manufacturer's COP or in-use testing
reports may provide evidence of design mf@{tm or emission control system cjurat ility

27 Determined by the regutators’ best judgment.
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issues. In the United States, two thirds of voluntary manufacturer recalls are due to issues
discovered by manufacturer in-use testing. India, South Korea, and the United States also
use the manufacturer’s testing results to help select vehicles for confirmatory testing, if
no voluntary action has been taken. However, not all regions that have manufacturer-

run testing programs are able to use Hw test results as a guide for further compliance
activities. China rarely refers to manufacturer testing results because they do not receive
manufacturer COP or in-use testing reports that demonstrate any test fallure.

Emission warranty. An emission warranty program reguires a minimum period during
which manufacturers mus tgudmr\w@ the performance of certain emission control
components on vehicles and engines, These programs encourage vehicle owners to
yst to the owner, while
ncentivizing manufacturers to builld more durable emission control systems. The U

r@pmt and repair emission médu,cj issues at no additional ¢

Clean Air Act, Korea Clean Air Conservation Act, and California state regulations set
minimum emission-related warranty periods, based on vehicle age or cumulative miles,
that manufacturers must provide to consumers. China added a minimum warranty
reguirement in its upmmrmr‘iq China 6 emission standards for gasoline vehicles and
proposed Lh% na Vi emission standards f@r diesel vehicles. South Korea and California
reguire manufacturers to periodically review and report warranty claim records for each
engine family or test group. In South Korea, it is common that the regulatory agency
selects vehicles that are close to the emission warranty expiration yvear or mileage
to conduct screening tests in the government laboratory (NIER, 2014). In principle, &
warranty throughout the vehicle’s full useful M@ that covers all emission-related parts
will provide the most thorough information on part cj@f@m& As Table 11 shows, the

warranty coverage is different across regions. The definition of "emission-related repair”
may vary by region, but those differences are not discussed in this report.

Table 11. Warranty coverage in China, South Korea, California, and the re f the United States
for LDVs,

]
m

il

asoline 3 years/60, Q}OO ke

China Diesel LDV (proposed) 5 years/80,000 km
Diesel HDV (proposed) 5 years /160,000 km
Gasoline LV 15 vears/240.000 km
g’@mh Diesel LDve 10 vears/160.000Km
Korea :
Gasoling HDV Zyears 60000 Km

LDV and medic zm—duty 7 years/70,000 miles

3 vears/50,000 miles

California vehicle and engine {cover a few dozen parts)
i:gia;ji Gasoline HDV 5 years/50,000 miles

Diosel HDV 5 years /100,000 miles
Rest of the LV-and meédium=duty o S B vears/80,000 milest
LS. vehicle-and enging years/24,000 miles (coverthree parts)

Note. Data from CARE, 2017, MEE, 20160, MEE, 2076¢; Ministry of Environment (MOE), 2076a.
¢ South Korea has a complicated warranty requirement for diesel HDVs that is not listed here (MOE, 2016,

b Arizona, Connecticut, Maine, Maryland, Massachusetts, New Jersey, New Mexico, New York, Cregon, Pennsylvania,
Fhode siand, Vermont, and Washington.

cDefinition of major parts varies by regions. California’s warranty covers any emission Uom[/"o/ parts above $600,
including hcwn’vwrv and labor costs, and the list varies by manufacturer (the warranty tvpically covers a few
dozen parts) U5 ERPA's warranty covers the catalyst, engine control computer, anc OBD,

@2 years or 24,000 miles, whichever comes first,
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Defect report. An emission defect reporting program can also provide information

n the freqguency of emission control part failures and identify emission parts with
abr ormally high failure rates. South Korea reqguires manufacturers to report guarterly if
they meet both of the following two conditions: (&) if they receive more than 40 defect

repair requests for the same part of the same vehicle sold in the same year, and (b) if the
defect repair demand ratio (ratio of number of reguested repairs to annual sales) is more
than 2% (MOE, 2016b). The manufacturers must also take corrective actions to bE"If‘iQ the
falled parts back into compliance. In the United States, manufacturers must submit

defect report once the manufacturer determines that an emission-related defect exists
o 25 or more vehicles or engines? of the same model vear. The approach in California
is different from the U.S. national program. The California defect reporting program

is based on the state’s emissions warranty program. As mentioned earlier, California
reguires manufacturers to review warranty claim records for each engine family or

test group on a guarterly basis and submit reports when the cumulative number of
warranty claims reaches a certain threshold. Canada requires manufacturers to report
emission-related defects that affect or are likely to affect compliance with applicable
emission standards and to inform owners of the existence of the cj@f@d along with the
corrective measure(s) if the manufacturer becomes aware that a problem s occurring.
There is no prescribed threshold (number of occurrences) for reporting of a defect;

the number need be only significant enough to raise the real possibility of a failure

occurring. The ECCC may independently learn of potential defects through consumer

j

complaints, recalls occurring in the United States, inspections, testing, or by examining
issued by manufacturers to their dealerships and bring the

issue to the attention of the manufacturer, which may ultimately result in a notice of

technical service bulleting

defect. In Japan, manufacturers collect defect information from the users’ periodic

maintenance, inspection, and service and investigate and study the cause of ©
Because the regulatory agency also collects defect information from users dir@atly,
manufacturers may receive notification from the mcyu%atmy agency to investigate the
r@pmmd defects. According to the Road Vehicles Act, in cases where the manufacturer
determines that defects of the vehicle or parts it manu faf tured or imported are resulting

r potenti dl noncompliance with the regulation due to the design or production proce
the manufacturer must inform the regulatory agency (Ministry of Land, Infrastructure,
Tramggmrt and Tourism [MLIT], 2016b). China's regulation requires manufacturers to

rnvestigate vehicles that they think have potential defects and report the investigation
results (Administration of Quality Supervision, Inspection and Quarantine [AQSIQ],
2015, For LDVs
to record the maintenance of emission Warrar“aty parts and related OBD malfunction

ertified with China 6 emission standards, manufacturers are reguired

and reasons. If the maintenance rate of an emission warranty part exceeds 4%,
m&muf‘%tumm must report it to authorities within 30 days (MEP, 2016b).

The defect reporting programs in Canada, Japan, and the United States allow the
vehicle manufacturer to determine the existence of a defect with any method; thus,
their programs lack transparency and are challenging to enforce. By comparison,
the approach in South Korea is straightforward and easier to implement because

it mandates that manufacturers take remedial actions once the defect threshold is
reached. If allowed by law, this approach avoids extended negotiations between the

28 7 hw’; are defect report reqguirements for other engines and equipment that are not instalted on vehicles, The
tresholds for reporting are different.
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5 of in-use

manufacturer and regulatory agency and reduces the need to conduct tes

vehicles to demonstrate that the vehicle group is exceeding the emissions standarg.

Inspection and maintenance, Inspection and maintenance programs established to
ensure that in-use vehicles pmr(urm at or below given emission limits for their useful
life are common in many regions. The primary purpose of establishing an /M program
iz to identify maintenance and Mmpm 1 issues that are the fault of w« end user, not
to support compliance surveillance work, However, agencies can use the data from I/M
programs to discover differences between the performance of pmmtyg ss and in-use
vehicles that may be the faull of the manufacturer. Typically, the I/M program is mm@d
out at the local state, province, or city level to identify and r@dw@ the prevalence of
high-emitting vehicles that require maintenance. In addition to identifying vehicles with
poor maintenance or with emission control systems that have been tampered with by
users, some regions also use /M data to identify certain in-use noncompliance issues
caused by poor design, production issues, or aﬁ@téértc_)rahﬁn of the emission control
system. For example, the United States uses information from state /M programs as

el
the U.S. EPA launched an investigation against Chrysler In connection with an {ssue
discovered by amﬂyzir‘ac I/M program oata. Chrysler \/@} ic %m showed & very high failure
rate (40%) of I/M testing in Chicago. U.S. EPA started its own laboratory test of Chrysler
vehicles and {*wanwaﬂy mandated that Chrysler recall the vehicles with the problematic
part (He & Jin, 2017}, The I/M data collected from local regulatory agencies in China can
also show patterns of certain models with a noticeably high I/M fallure rate, which helps
MEP-VECC to select vehicles for c?:or‘i‘ﬁrmatmy testing. Japan also confirmed, through
our survey, the utilization of I/M information to identify potential noncompliant vehicles

one of the indirect data sources to help select vehicles f@r surveillance testing. In 1978,

for testing. Canada has /M mmqrams in some grjmvir"ac;@fs because the power to manage
vehicle emissions at the hand of end users falls under provincial powers,

Cn-board diagnostic record, OBD S\,/&;t@mﬂ; monitor the performance of engine and
aftertreatment c‘wmpmnmt especially those responsible for controlling harmful
pollutant emissions. OBD systems monitor emissions components continuously and
atert vehicle owners to r‘ne{:@mary repairs by illuminating an "engine check” light—more
formally the MIL, or malfunction indicator lamp-—on the dashboard. OBD monitoring
r@cjuir@m@nm vary across regions. Differences include the type of pollutant that is
monitored, parts that are monitored for malfunction, and the minimum thresholds
required for triggering an alert ([”?wmda & German, 2016). Many regions require an OBD
system on newly produced vehicles, but few integrate OBD C‘y%mmf into I/M programs,
It is possible for I/M inspectors to use inspection equipment (e.q., a scan tool) to query
the codes from the OBD and fail the vehicle if th@r@ are any fault c’:mj%.

The data provided by the OBD system frequently can pinpoint the specific component
that has malfunctioned. The United States uses data from these types of OBD checks
as an indirect data source to support its in-use surveillance program. Manufacturers
in th@ ited States are anxious to recall OBD-identified component failures quickly
before q}th@r compliance programs pick up the issue or owners become annoyed with
the ML Humination (He & Jin, 2017). Since the introduction of the OBD requirements for
EMELWS, th@ number of voluntary recalls has increase partially because properly working
OBD systems were effective in identifying falling emission components (He & Jin, 2017,
Beiiing, China, also collects OBD data at I/M test stations, but has not vet begun using
»
records are on Iy useful if the data are mmrmd to the government agenc y—wc‘sth@m@viw;

the data for in-use compliance programs. For in-use compliance programs, the C

57
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the information is just used to fix individual vehicles and is not used to identify systemic
problems with a particular model.

Remote sensing. Remote s e}ﬁs;ir‘ic; tests on-road vehicle emission levels during in-use
operation. The remote sensing eguipment is typically placed on the side of the

road and scans exhaust emissions (e.q., L‘,QZE CO, HC, NO, and opacity) from passing
vehicles, Remote sensing inc omﬁmm: cameras that record the vehicle license plates,
which link to vehicle registration information. Many countries, including China, Sweden,
Switzerland, and the United States, are using remote sensing for various purposes,
such as to cross-check on I/M :mrfmmarm& screen for high emitters, or monitor the
in-use fleet emission level, China especially is increasing the use of remote sensing for
in-use vehicle management at the city i@ws%. Remote sensing technology is not able to
determine representative emission factors for individual vehicles because of the small
amount of emissions data captured per vehicle, but it can be & gc}c:}a"j tool for screening
the fleet for vehicles with higher than average on-road emissions, One benefit of
remote sensing is that it can collect emissions from a large samr}[@ of vehicles in a
short peri Od of time, Remote sensing can scan exhaust emissions from thousands

of vehicles in a single day. Setting up remote sensing stations at multiple locations

can allow for th@ collection of a large volume of data. In several W&%QK& encugh data
could be collected to pmv ide a reasonable mprw entation of the in-use fleet. Variable
driving conditions may influence the remote sensing results of d idual vehicles,

but H e impact of the driving conditions on the ‘H@@t average dc;}{:rfsa es as the test

sample increas If different vehi f%m wi the same model are found wi th significantly

high emissions, H e mqu%mc}ry agency can categorize the vehicle as potentially

noncompliant and pay special attention to the vehicle in its COP confirmatory and
-use surveillance program. $So far, none of the regions we surveved has used remote

sensing data to support their compliance program.

Like remote sensing, plume capture is another noninvasive method to test on-road
vehicles during operation. Plume capture can measure a broader range of pollutants
than remote sensing, including testing particulate matter (PM), but the method cannot
test as many vehicles per day. There are two types of plume mg)tum being used to test
vehicle tailpipe emissions. One is chase plume capture, where an instrumented mobile
sampling platform f@HOWS a target vehicle and measures psﬁ}liutari‘( concentrations in
the exhaust plume. The other is stationary plume capture, in which a pc:}rtim\ of the
exhaust plume of an individual vehicle passing a fixed sampling location is captured.
Theoretically, plume c’:aptur@ can detect high emitters of certain models. To date, plume
capture has only been used for research projects, in China and the United States, but

it has the potential to provide information about potentially noncompliant vehicles to
support in-use compliance programs.

Consumer reporting. Consumer reporting is another possible data source to inform
potential non rmmpi jance, U.S, EPA’s Office of Enforcement and Compliance Assurance
(OECA) handles complaints about environmental violations. In one documented case,
OECA found an emissions violation case based on consumer complaints about a gasoline
smell inside the car (He & Jin, 2017} Many U.S, states also have environmental complaint
g:;mc;r‘fmm. such as those encouraging the public to report smoking vehicles on the

roads. MLIT, the regulatory agency in Japan, has a website and hotline (Figure 3) that
accepts ve\hm%@ safety and emission defect reports. From 20071 to 2015, MLIT received

% and 80%
were considered by MLIT to be effective reports that provided complete and reasonable

6,000 reports aﬁrwaﬂy. on average, from consumers, Of these, between 45

ze
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information. MLIT publishes a statistical report every year summarizing consumer
reported cases by issue, vehicle category, and manufacturer and pursues those issues as
part of its compliance program. On average, emission-related cases accounted for 2% to
3% of effective reports, South Korea has a website and hotline for consumers to submit
defect information related to automotive safety, although it is unclear whether emission-
related defect information is collected through the same channel. In China, many cities
have a public reporting program for "black smoke” vehicles, Citizens are encouraged to
report the license plate numbers of vehicles visibly emitting smoke from their tallpipes

(Yang, Qiu, & Muncrief, 2015). Canada® and Mexico™ have opened email and phone lines
for consumers to make emissions-related complaints.

Figure 3. Poster of vehicle defect report hotline in Japan,

Consumer reporting is one of the few sources of information on vehicle fuel efficiency
in the real world, The vehicle fuel efficiency labeling programs in Brazil, Canada, Chile,
UK, and the United States establish channels to collect consumers’ comments and
suggestions, such as through email, telephone, letter, and website forms, The United
States also established a portal where consumers can report the actual fuel economy of
(Yang, Zhu, & Bandivadekar, 2016). However,

it is unclear whether such information has been used to support vehicle fuel efficiency

their vehicles in real driving conditions

compliance activities.

29 As notified on the website: https://wwwfec,gcpa/defagylt@sp?lang=En&n=DA294545-] or
https:/www.ec.gc.ca/default.asp?lang=En&n=84AA050D-1

30 As notified on the website: https:/www.gob.mx/profepa/articulos/como-realizar-una-denuncia-ante-
profeparidiom=es

31 See https./www.fueleconomy.gov/mpg/MPG.do?action=garag
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5 ENFORCEMENT OF VEHICLE EMISSION STANDARDS
Strong enforcement is the key to bringing identified noncompliant vehicles back

into compliance. Enforcement typically includes elements such as legally proving
noncompliance, determining corrective actions against noncompliant vehicles, and
making sure the corrective actions get implemented. Figure 4 reflects the general flow
of the enforcement actions from manufacturers and agencies and the interactions
among sides in most regions, although the detailed procedures in some regions may not
be reflected accurately in the figure.

Report
F Report

Notify

Report

Approve

Report {1 Manufacturer action

{ Agency action

Supervise

Figure 4. Potential enforcement procedures flowchart,

51 DETERMINE AND PROVE NONCOMPLIANCE

Both the manufacturer and the regulatory agency can determine noncompliance with
the standards. For problems discovered by the manufacturer through self-monitoring or
the government agency through surveillance testing, manufacturers will typically have
the chance to investigate the issue, admit noncompliance, and take corrective actions

voluntarily, If the regulatory agency is not satisfied with the manufacturer’s voluntary
actions, it must prove noncompliance with evidence as reoguired by law to trigger any
mandatory enforcement action.

As discussed in Section 4, manufacturers may discover emissions-related issues from
voluntary internal monitoring or the reguired compliance testing program, If the
problem discovered by the manufacturer is clear, manufacturers have the opportunity to
voluntarily correct the issue.

40
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to be out of compliance and the ag@m’:y can order the manufacturer to take actions.
The determination of "substantial” depends on the regulatory agency’s judgment and
historical legal cases. %ubmm ‘i could refer to a high failure rate of test vehicles or
alow failure rate with large noncompliance margins for those vehicles that do fail, or
additional information that indicates that fallures are systematic and not just isolated

568, f the manufacturer challenges the accusation of noncompliance and refuses to
tam any corrective actions, U5, EPA must inform the Department of Justice and take
legal actions to prove noncompliance and force manufacturers to take action

The threshold to determine noncompliance is more straightforward in South Korea, The
regulatory agency will typically test five properly maintained vehicles per test group
for in-use testing. If the average level of any pollutant emitted by the tested vehicles
exceeds the applicable standards, the test group fails the test. If the manufacturer does
not agree with th@ results, the regulatory agency will test 10 more properly maintained
vehicles of the same test group and determine noncompliance if the average level of
any emitted pollutant exceeds applicable standards for these 10 vehicles.

It is more difficult for some regulatory agencies in China and the EU to prove
noncompliance through COP and in-use confirmatory testing. For COP testing, the
authority may need to test up to 32 vehicles to make a pass or fail decision. For in-use
testing, if more than two tested light-duty vehicles emit 1.5 to 2.5 times the apw!%mb%@
limit for any regulated poliutant, the agency can mak@ a fail decision if the administrative
department and the manufacturer both agree that the excess emission results from the
same cause. If more than two vehicles emit more than 2.5 times the applicable limit

for any regulated pollutant, the agency can determine that the excess emission results
from the

same cause and make a fall decision. If no agreement can be reached or there

are other vehicles that do not meet emission standards, the authority may need to test
up to 20 vehicles to demonstrate noncompliance of a vehicle type through a statistical
procedure. Although this procedure is included in the formal regulation, no regulatory

agency has completed st s in practice. The introduction of China 6 gasoline
vehicle emission standards significantly improved this verification process in China, as
indicated in Table 12,

ich a proc

v

Manufacturers are more likely to admit noncompliance and take voluntary action if

they regard doing so as the more cost-effective option and believe that the regulatory
agency will be able to legally prove noncompliance and force the manufacturer to fix
the problem. Since the late W@(m nearly all corrective actions (e.g., recalls) in the United
States have been voluntarily Initiated by manufacturers. Most noncompliance in Japan

iz also voluntarily announced by manufacturers because they are concerned with being
named publicly as noncompliant and thereby damaging their reputation

b.2 CORRECTIVE ACTIONS AGAINST NONCOMPLIANCE

For problems discovered by manufacturers or regulatory agen 5, manufacturers must
submit a remedial plan that is subject to review and appmva% to ensure that the fix
brings vehicles into compliance with the relevant standards. Based on previous cases

in many countries, the regulatory agency should expect and be prepared for back-and-

forth communication between the agency and manufacturers to agree on the details of

the recall or other remedies for the noncompliant vehicles.,
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521  Suspend or withdraw certification

Suspending or withdrawing a manufacturer’s sale certification prevents noncompliant
vehicles from being sold on the market. The regulatory agencies in all regions surveved
ign/approve, suspend, and withdraw certification

for sales of noncompliant vehicles.® As previously discussed, the EU is a special case

for this study are authorized to as
where the type approval granted by a single member state enables the manufacturers
to sell the vehicles in all EU member states, Only the authority that granted the original
type approval of the vehicle can suspend or revoke the type-approval certification

However, a safeguard clause exists in Framework Directive 2007/46/EC that allows a
member state to refuse to register a new vehicle type if the member state considers
that those vehicles present a serious risk to road safety or that they seriously harm the

environment or public health.

For vehicles that have already received the sale certification, regulatory agencies

may suspend or withdraw the sale certification if the vehicle is determined to be
noncompliant. The U.S. EPA and Brazil IBAMA can withhold certifications for other
vehicles produced by the same manufacturer that produces noncompliant vehicles.,
After the U.S. EPA discovered in 2015 that Volkswagen used illegal defeat devices on
some of its diesel models, the U5, EPA revoked those models from certification and
eventually held the certification of all Volkswagen models for 2016, including non-diesel
models, The manufacturer may also voluntarily stop selling problematic vehicles if it
identifies noncompliance through self-monitoring. After admitting cheating on fuel
economy coastdown tests in Japan, Mitsubishi stopped production and sales of the
affected cars (Mitsubishi Motors, 2016). In Japan, if the manufacturer does not take
actions voluntarily, the regulatory agency will suspend type approval for vehicles if the
agency determines that the manufacturer provided false information in applications and
will revoke type approval for vehicles that fail to meet standards. Suspending vehicle
certifications is an effective way to stop additional noncompliant vehicles from entering
the market, but it does not address vehicles that have already been sold.

5.2.2. Recall

An emissions recall refers to a repair, adjustment, or modification program conducted by
a manufacturer to m*m@dy an emission-related problem on in-use vehicles collected from
users free of charge. It is an important corrective action that helps ensure the problem

gets fixed and thw@by srevents excessive pollution from vehicles or engines that are
already in service,

In general, there are two types of recalls: () a manﬂatc?}ry recall initiated by the
regulatory agency, and (2) a volur tar‘y recall initiated by the manufacturer. Depending
on the level of engagement or intervention of @gulatmy agencies, the voluntary recall
can be further categorized as a manufacturer voluntary recall or an influenced voluntary
recall. As a rule of thumb, If a manufacturer initiates a voluntary recall in response to

a regulator’s intervention or to fix an issue discovered in a government surveillance
program, it is more likely to be an influenced recall. M f:mut"aa turer voluntary recalls are
independent manufacturer actions

32 Canada does not issue certificates but rather a
documents demonstrating compliance for vehicles

pts U.S, EPA certificates and conducts its own review of
not covered by a U.S. EPA certificate.
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sary. For
nstance, Japan's regulatory agency, MLIT, will recommend a recall iIf the manufacturer

Countries use different procedures to determine If a mandatory recall is nec

{M% not carry out a recall when the vehicles or engines are determined to be out
of compliance with the regulation. If the manufacturer does not act as the agency
m{tmrzm@nd& MLIT will publicly announce noncompliance, If the manufacturer still
refuses to act after the public announcement, MLIT will then order a recall through
g legislative procedure (MLIT, 2016b). In the United States, the regulatory agency is
more likely to involve the manufacturers in the investigative process and encourage
manufacturers to initiate a recall volun tary If the manufacturer disagrees with

the agency’s test results, the agency will take the case to the courts and order &
mandatory rec
recalls in the U5, and Japan were vcﬂu ntary recalls, although many would be classified

all if the agency wins the case. In recent vears, all emission-related

as influenced recalls,

To initiate a recall, manufacturers need to investigate and determine the cause of the
emission issue, develop a remedial plan to notify owners and repair the vehicles, and
inform the regulatory agency. In some countries, regulatory agencies need to review
and approve the remedial plan before the manufacturers take any action. In the EU,
the national authority that grants the type approval of the vehicle is responsible

for assessing the remedial plan. Reviewing remedial plans, either on paper or in the
laboratory, typically recuires review by technical experts. The agency may require

tr
the manufacturer proposes to change, repair, or modify the vehicles or components
(Heinfeliner et al., 2016). When nec
technical verification in a laboratory to ensure that the plan will bring the vehicles

iveness of the recall if

: manufacturer to carry out testing to demonstrate the eff

ssary, some regulatory agencies will conduct

into compliance. For example, Japan introduced technical verification of corrective
measures by the national laboratory in 2006; thus, the regulatory agency can reject a
remedial plan if the proposed corrective actions fail laboratory testing. If the regulatory
agency determines that the contents of the corrective action are not aa:%@c;e,zam to fix
the violation, the manufacturer must revise the plan under the agency’s quiaﬁarwsa\ In

arecent case, Volkswagen’s remedial plan for its noncompliant diesel vehic
rejected by the U5, EPA twice due to insufficient remedial procedure det mf s anc
technical evaluation to prove the effectiveness of the proposed action (California Alr
Resources Board [CARB], 201648, 2016h; EPA, 2016b). South Korea's regulatory agency
also rejected the plan submitted by Volkswagen three times for "insufficient information

Was

and data” to detail the problems and rectify the shortcomings of the affected vehicles
(Dong-chan, 2016).

After the remedial plan is approved, the manufacturer should follow the plan to notify
vehicle owners and provide instructions about how to have the vehicle repaired. To
ensure the corrective action is effective, requlatory agencies reguire the manufacturers
to recall a minimum percentage of the affected fleet and regularly report on the
progress of the recall (see Section 5.3).

Table 13 summarizes the number of emission-related recall cases that we identified from
201 to 2015, As shown in Table 13, not all regions in this study empower the regulatory
agency to conduct a mandatory recall,
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Table 13. Emission-related recall cases by country.

2011 2012 2012 2014 2008 2011 2002 2014 2014 90108

0 0 0 0

Canada No /

Chile Mo

China Yesh o 0 O v ¢l ¢ O 0 0 2
EL Mo O O o}
France ‘ Partly O e} 1 0] s O 1 o} 1 O
Germany Partly O 1 1 & 4 9 2 2 5 3
Inelia® Mo 7 i s < 7
Japan Yes O O O O O 13 20 i 4 i
Mexico Mo e = - = =
ﬁg;’m Yes 2 3 6 1 53 - - - - -
UK Partly o . = = = 1 6] Q 4 5
U.5. Yes O O O O O 40 57 30 - -

Note. "7 indicates data not availab/e.
dinternal case-by-case data colfection.

SChine clarified the agency’s authority to recall since 2076,

Emission recalls are a critical component of vehicle emission C&E programs. Emission
recalls, especially mandatory recalls, can be quite costly to a manufacturer as a result
of the high cost of implementation and potential civil penalties. A typical recall can cost

mitlions of dollars plus damage the reputation of the autormakers; therefore, a recall can

be an effective deterrent against cheating and omission by manufacturers.

5.2.3. Other actions

n addition to emission recalls, manufacturers sometimes have the option—or are
q}b!iqamdmm take other corrective actions, such as warranty extensions, product
buybacks, and environmental remediation

Warranty extension is typically associated with a recall, but it also can be an alternative
to a recall. It helps to minimize the cost to consumers by allowing them to repair

the problematic part free of charge, even if the vehicle’s original warranty expires.
Manufacturers may propose a warranty extension when the identified issue is not
salient and widespread or when more failures may occur as the vehicle ages. [deally,
the Warramty should be extended to the vehicle’s average life (e.g., 15 years/150,000
miles in the United States). Warranty extension on a defective part reduces the cost
of th@ corrective action, as well as avolding wm inconvenience of recalling many
vehicles on which the part may never fail. The warranty extension is effective only if
the vehicle’'s OBD system is able to identify when the part has faﬁ@cﬁ. A recall should
be the only remedy if the failure of emission control parts already results in extremely
high emissions. Such parts are typically critical emission control parts, such as the
catalyst and evaporative emission control system (Cackette, 2016). U.S. manufacturers
sometimes provide warranty extensions as part of their remedial plan.
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Product buyback is another remedy when the manufacturer is incapable of repairing
the vehicles through a recall. In the U.S, Volkswagen settlement, the manufacturer and
all interested parties, including the U5, EPA, agreed to offer a buyback option to have
oA, 201600,
violation. The cost per vehicle

the manufacturer buy back vehicles and cancel relevant leases at no cost (
This is the first known vehicle buyback for an emi
for a buyback is much higher than in a recall program, because the manufacturers

must pay the full value of the affected vehicles rather than just the cost of the repairs
(Kodjak, 2016). In the Volkswagen case, if U.S. EPA approves an emissions fix from the
manufacturer, Volkswagen will be allowed to resel] the vehicles; th@vm if Volkswagen
does not obtain U.S. EPA approval by 2018, the vehicles will be required to be scrapped.

Environmental remediation helps to reduce the adverse environmental impact from
operation of noncompliant vehicles through projects that mitigate the relevant
environmental impacts. Excess pollution from problematic vehicles includes the amount
emitted before the problem was discovered as well as after the implementation of
corrective actions if the “fix ratio” (L.e, fraction of total affected vehicles that are
actually fixed) is not satisfactory. Through discussions with the regulatory agency, the
manufacturer can create an environmental remediation plan, such as launching its own
relevant projects or investing in other projects that reduce pollutant emissions in the
same regions that were M@vamd due to its faulty products (EPA, 2016¢).

The regulatory agency typically determines or approves the most appropriate action
to ensure that high-emitting vehicles are brought back into compliance and that
manufacturers assume adeguate responsibility at minimum cost to consumers.

Violation of fuel efficiency standards could lead to correcting the registered fuel

efficiency value and grade, compensating vehicle owners, or paving fiscal penalties. If
the manufacturer fa Is individual or fleet average fuel efficiency targets even with the
such as submitting a

corrected fuel efficiency value, it may trigger additional actions
compliance plan, tracjxrwqg compliance credits carried over from previous years, or payir
fiscal penalties.

5.2.4, Civil and criminal penalties

Many regions have set fiscal penalties for violation of emission standards in addition

to certification suspension, m{:a!L and other actions. ?wcwldmry agencies penalize
manufactures that produce, sell, or import noncompliant vehicles/engines, tamper with
engines or emission control devices, use ilegal defeat c;%@mcam and fail to take corrective
actions or follow other related regulations

Legislation in the EU empowers member states to determine their own penalties
applicable for infringement of emission standards, Although France, Germany, and the
UK have some g:;x@r"ial ies for noncompliance (Heinfellner et al., 201@}. no manufacturer
has ever been penalized to date. The European Commission’s proposed new framework
for type approval and market surveillance layvs out the types of infringements to

which member states must apply penalties, including making false declarations during
approval procedures or procedures leading to a recall, falsifying test results for type
agjpmml nd withholding data or technical specifications that could lead to a recall

on, 2016a).

Penalty levels differ according to violation type and across regions. The regulators
intend to put in place penalties that encourage compliance and discourage
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manufacturers from violations of the regulation. For instanc e;n n the new Air Pollution
rtand 3 times the product

Control Law, China imposes a fine on manufacturers betwe
value for violating the regulation and may confiscate any income made from Hlegally
selling the noncompliant vehicles, South Korea increased the fiscal penalty cap per each
compliance group in 2016 from 1 billion won to 10 billion won (30.9 to $8.96 million), or
3% of the vehicle sales value. The maximum penalty for each noncompliant vehicle in the
United States is 5}344.»2@5—3 35 which exceeds the average price of LDVs.® Canada imposes
a maximum of $6 million Canadian ($4.5 million) for each offense for large corporations,
which also may f@rf@ mf ts earned as a result of an offense.

Regulatory agencies typically determine the penalty amount based on multiple factors.
The legisiation determines & maximum civil or criminal penalty level. In the United
States, the civil penalty amount is influenced by, among other things, the seriousness of
the violation, how much the manufacturer benefited or saved, the manufacturer’s history
of compliance, and the manufacturer’s remedial plan.® In South Korea, the penalty
amount depends on the seriousness of the violation and other relevant elements (MOE,
Vs regulation

2016b). For any m{“hn cal agency that violates the E
Germany may apply partial revocation or annulment m‘ t? e WH“ ml agency, with
additional possible criminal charges (European Commis 1, 20160).

Table 14 lists a selection of penalties related to violation of emission standards in Brazil,

Canada, China, Germany, Japan, and the United States. Some countries impose fiscal or
criminal penalties on crimes that harm the environment and public health or behaviors
that insult consumers’ rights. Those types of provisions are not included in Table 14

because they are not \/M e specific penalties.

3% This penalty rate applies for violations that occcurred after November 2, 2015, and will be adjusted based on
inflation in the regulations (as set forth in 40 CFR part 19).

34 The estimated average transaction price of new LDVs In 2015 is $33,560. Source: hitp: //Www usatodaycom/
story/money/cars/2015/05/04/new -car-transaction-price-3-kbb-kelley-blue- book/26690191/

35 40 CFR 81068125

47
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n standards,
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Notes, Sources:

EUR,

Canada:

722 Won.
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Korea: Clean Ajir Conservation Act; Unjted States:
o Yen,

40 CFR $1068.10]. Exchange rates
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Law and He (2016); France. Ordinance No.
as of June 14, 2017: 1 USD = 3.27 BRL,
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marke ian % il tg c:m $EO5E800)
Introduction to Apply @ national emissions mark to, sell, or import
market vehicle, engine, or equipment that does not conform
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Fail to notify the responsible ster and owner of Of an offense, V?W:ffﬁ and @OSSWC?
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vehicles/device dus to construction or opération
Refuse to take corrective actions ordered by the MLIT L R
LT T : - ke Stion Uptto lyearofpenalservitude or/and
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after first er ation frope MUIT without prm;@r cause : S :
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5.3 IMPLEMENTATION OF CORRECTIVE ACTIONS

After noncompliance is identified, regulators first require manufacturers to lay out
measures to implement corrective actions in the remedial plan, such as notifying
vehicle owners and providing instructions for repairing the vehicle, To ensure that
manufacturers fulfill their commitment in the remedial plan, regulators view tracking
implementation of correct actions as am}H‘i@r important part of enforcement. It is

necessary to bring as many problematic vehicles as possible into compliance to reduce

the environmental impact of those vehicles and eqguipment,

We find it effective to set a minimum recall capture rate, require manufacturers to
periodically report the progress of corrective actions, and take actions if the recovery
rate is low. Following are the approaches we found in some regions.

on recalls.*®

» California requires an 80% capture rate for emiss

»  Although Canada does not set a minimum recovery rate, it reguires manufacturers
to report the measure(s) to be taken to correct the defect and how they will be
mplemented upfront and submit guarterly follow-up reports to include the revised
number of defective units,

» China’s recently revised Air Pollution Prevention Law enables the regulatory
agencies to recall vehicles with emission defects, However, the detailled recall
reguirement has not yvet been published. For recalls on safety issues in China,
manufacturers are required to report recall progress guarterly until they fulfill the
recall plan.

» The EU reguires manufacturers to keep records of every vehicle recalled and
repaired and the workshops that perform the repairs. The regulatory agencies have
the authority to access these records (Heinfellner et al.,, 2016).

» In Japan, manufacturers are required to obtain information on the progress of the
recall or any other corrective actions and periodically report to the regulatory
agency, The regulatory agency also notifies users of uncorrected vehicles at the time
of vehicle inspection in order to achieve a higher recovery rate, Japan found a 90%
recovery rate 3 years after instituting this vehicle recall notification (MLIT, 2012).

» Manufacturers in the United States are required to report the progress of a recall
o a guarterly bz:)s;m for six consecutive guarters after the recall is initlated. If the

number of owners having their cars repaired is too low, U5, EPA can request

the manufacturer to renotify owners of the availability of the free repair. In the

case of vehicles with serious issues, the regulatory agency reguires that a certain
overall recall rate in the corrective plan be achieved by the manufacturer. If the
manufacturer fails to achieve the recall rate, it must correct the issue through other
means, such as paying additional sums for environmental remediation (EPA, 2016¢).

36 13 CAADC & 202
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6. DATA AND INFORMATION TRANSPARENCY

Compliance testing and related activities generate a significant amount of data and
information on new and in-use vehicles, By makumg the data and information freely
available to the public, manufacturers, test facilities, and regulatory agencies become

more accountable for their activities in the C&E process. Data transparency gives the

public better access to information on how governments and manufacturers test the
vehicles and empowers citizens, especially third :3art$@5;§ to <:53rm:x[@m@nt the government’s

efforts in validating vehicles’ compliance with emission and efficiency standards.

r this report, we refer to C&E data and information on the following:

» Manufacturer compliance testing, such as the selection process f ssted vehicles,
maintenance records, numbers and types of vehicles tested, testing parameters,
and results;

» Government compliance confirmatory testing, including the method for
determining pass
manufacturers;

age and failure of the tested group and communicating with

»  Authorized test facilities, including test capacity, pricing, and compliance testing
information; and

~
~

Defects and recalls, including affected vehicles, possible impact of defects, type of
recall (voluntary or mandatory), reason for recall, and remedial methods.

In many regions, manufacturers are reguired to report their compliance-related data
and information to the responsible agency, although with varving levels of detall,

If the regulatory agency assigns a laboratory to conduct a vehicle test, the testing
institutions either report to the r@gu%au‘}r‘y agency and/or keep the test records on file
so that the regulatory agency may acce em when necessary (e.g., as in some EU
member states). However, this is not the case in India, where the authorized testing

facilities hold all the testing data and the r@guiataz}w agency has no access to testing
data besides receiving a pass or fall decision from the testing facilities. In some region
regulatory agencies regularly publish a mewsd vehicle and engine l‘yp% that meet

emission standam‘ja' however, only a few regions (e.g., (%ﬁmarm Japm, and the United
States) publish further details, such as vehi i@ specifications and the test results of key
pollutants, Mamy more regions pub[%fﬁh fuel esizormmy/(‘?()/, emission data for certified

vehicles, but only the United States publishes detailed vehicle specifications relevant to

the test, such as the road load coefficient

For regions that reqguire manufacturers to conduct COP and in-use testing, the reported

nformation is only reviewed by the agency without aliowl ncg for public access. For
r@g%e}m where the regulatory agency carries out its own testing, they treat their testing
data and information differently.

Table 15 lists the availability of information on regulatory agency C&
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Table 15. Public information regarding regulatory sgency con

whiance and enforcement activitie

For confi rmdtory tests
publis
report. All type-a
because all vehicles are t
government supervision, We did not i

Public

Mthmwi”“ many regions carry out COP testir

list explanation Jes that fall the COP test

shes &

riformation regarding COP tests to verify in-

s for vehic

of new vehi

approval notifications in

3 list of the models that fail the emissions confirmatory test |
Japan and Chile reflect governme
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i test resu

production

nformation

compliance is

1 for Chi

/ Mepublic
information inform
California 3 "mom Mo public 4 Report on test No public
information ’ results (pre-2005) information
Canada Fueleconomy / - Nm puhm : Nﬂ QUMC ; NQ puhéu_
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- - ] Data for all Data from test , No public
Chile Fuel economy vehicles pass . . o
results information
agency test
China ; - No public Mo public Recall
mformatlon fuel infarmastion information e
economy
EU . N © D?fhf“‘"' Recall
information
: CO, datarCO and Report on test o
France e i) / / results (2016 only) Recall
Gorman CO, and emi 4 4 Report on test Becall
¥ i LML dam / ’ results (2016 only) S
: = MNeoipubstic
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Partial data on
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i i Seport lecs
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information information results (upon search)
Test results
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81 QQQ data S 7 Report on test Ernigsionrecall
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e of Certificate of results ’ test results P
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nt test results
tested either by government laboratories or with sufficient
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South Korea regarding confirmatory certification

na or

ted.

rig, onty Chile publishes the test mwits and

37 For detaited reference information, please see Appendix C.
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China is building an i

nformation
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portal that will publish manufacturer COP test information. For in-use vehicle
surveillance programs, some regions publish test results. For @xamw%@. the United States
periodically releases a mrf)ml summarizing mmﬂ*% s that failed the test, including LDVs
and HDVs. The information in these reports is not as detalled as those in the new vehicle

certification database—no emissions data are provided other than failure rate and failed
model type. By comparison, South Korea’s annual in-use tmtiriq report provides more
comprehensive information, including vehicles selected for in-use testing, reasons

for the selection, and test res uit of vehicles, The UK does not pui lish its test results
regularly, but there is a brief summary of In-use fest results from 2007 to 201 in the
Q&A section of the UK parliament website. The summary provided a list of vehicles
tested under the in-use project and indicated how many vehicles of each model failed
the test. Since the dieselgate scandal in 2015, a number of member states in the EU,

such as France, Germany, and the UK, have initlated—or reinstated—marketl surveillance

testing (Muncrief, 2016). This has resulted in a idrqe\ amount of publicly available data,
which can be found in published government reports,

For transparency of C&E activities other than testing, the United States and Japan
publish defect information every 1T or 2 vears, In general, regions mubmk‘a more
information on safety-related recalls than on emission-related ones. The United States
has an open web portal with a recall database for consumers to look up safety recalls,
but the consumer would only know whether the vehicle is subject to an emission

recall by sending a specific reguest to U.S, EPA via email. Japan and China have public
websites that provide vehicle recall information for both safety- and emission-related
issues. %@uth Korea has a website with all emission-related recalls Including recall

of product

s other than vehicles. Germany’s Automobile Association provides recall

rnformation on its website. The UK government categorizes an emissions recall as
non-urgent and publishes reports summarizing non-urgent recalls twice per vear. India’s
regulatory agency does not publish information on voluntary recalls, but does reqguire
manufacturers to announce recalls on their own websites,

ED_006561_00000880-00059



/. C&E PROGRAMS IN MAJOR MARKETS

In this review, we found that C practices vary significantly among the major vehicle
markets. The markets differ not only In their capacity to ensure compliance, but also

These

in the willingness at the highest level of political leadership to prioritize C&E.
differences are the result of several factors:

(&) Disparity in legal authority and regulatory frameworks. The regulatory agencies in
many regions have been constrained by the legal framework in one way or another,
which has significantly weakened those regulatory agencies’ power in C&E of vehicle
emission and efficiency standards.

(s Differing relationships among the regulatory agencies and the manufacturers. In
regions where the C&E work is carried out by an agency that has the same mission

as the regulation, the agencies have the incentive to push for more rigorous C&E
programs. Otherwise, the agencies may prioritize the manufacturers’ wants or other
missions over the strong implementation of environmental or efficiency regulations,

() Varied enforcement history and culture of the region. In regions that rely heavily on the
legislative system, a longstanding and strong C&E program with growing staff capacity
and rich experience in the court is more likely to pressure manufacturers to actively
ensure their vehicles or @r‘ic;;ir‘ieg meet the standards. In regions where maintaining a
good public image is critical, the "name and shame” approach is also appropriate.

Despite the differences in policy background, all regions are seeking to improve the

effectiveness of (

E practices based on their or others’ experience. Qur investigation

found the following trends and observations on the current C&E practices in major

vehicle markets.

Mot all regulatory agencies are sufficiently empowered to enforce compliance of the
standards, including the authority to mandate recalls and impose punitive penalties.
Although most legislative systems empower the authorities to establish standards and
check for compliance, only some authorities have sufficient enforcement power to bring
the identified noncompliant vehicles back into compliance. We observed this lack of
recall and/or penalty authorizations in Brazil, Canada, Chile, india, and Mexico, along
vith a limitation on these authorizations in the EUL In Canada, the criminal proceedings
reguired to prosecute vehicle emission mfreac:tiwm and the absence of a fine regime
increase the burden on the mqu%dtc}ry agency to prove and correct noncompliance.

Regulators are fighting agalinst budget and resource constraints by improving cost-
effectiveness and sustainability of thelr C&E programs. Like many other government
programs, budget and resources have been and will continue to be a constraint fo

program.®® Although regio
C&E programs differently with different budgetary and resource levels, there are some

effective implementation of a C& rns have shaped their

similarities in program development. Many regulators attempt to improve the cost-
effectiveness of identifving noncompliant vehicles by (1) reducing costs by conducting
cm‘iﬁrmamry tests while placing most of the test burden on the manufacturers; (2)
testing in-use vehicles rather than new vehicles to cover wider cc)w“zp!iarwe issues; and
(3 using data from other programs, such as defect reporting and I/M programs, to

38 According to information collected from the survey.
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S

sibility of finding
noncompliance during more expensive, in-depth t ng. Some agencies have generated
stable revenue to partly or fully support mg@ ir C&E W(}rk With fees collected from the
manufacturers, India, South Korea, and U5, agencies have fully covered the basic cost of

operation of their C&E programs.

identify potentially noncompliant vehicles, which increases the p

Regulators intend to test vehicles at different stages of their usetul life and put the
testing burden on manufacturers with sufficient independent audits. To confirm the
compliance with standards, testing is not only conducted on new vehicles pre- or
in-production, but also on in-use vehicles. Many C&E programs have evolved over
Most regions put the testing burden on
manufacturers. In some regions, the regulatory agencies play an oversight role by
spot testing for the most critical issues (e.q., emiss
devices), whereas manufacturers are responsible for the bulk of the testing.

the years to ensure compliance at all stages.

sion control device durability, defeat

Cost of noncompliance varies Mwﬁﬁmwmﬂy across regions. Rigorous enforcement will
increase the cost of noncompliance, but not all regions have the authority or capacity to
carry out rigorous enforcement. In many countries, noncompliance is not clearly subject
to fiscal penalties or recalls, In regions where the regulators have the authority to

nitiate emission-related recalls and have ordered mandatory recalls, manufacturers are
incentivized to proactively screen thelr fleet to identify ;mmrt al compliance
are more likely to carry out voluntary corrective actions

ssues and

Transparency of CEE activities is extremely low. A C&E program generates abundant
information that is of public interest, from vehicle testing results to remedial measures
for noncompliance. We found that even for agencies with a Wmi»gtrm:tumd C&E
program, the publicly available information on C&E activities iz limited. In some cases,
the r'@c;ulamry agency may not even have the information because of | ”~c;}iﬁ;%atiwe
constraints. Publishing testing information and data can effectively engage civil society,

which tﬁﬂ&)y% a criticat role in holding government and manufacturers accountable for
vehicles' real-world emissions and efficiency. Currently, the F:BOSE;‘%bH ity of third-party
oversight is constrained because of the limitation of public information

The CE&E requirement and activities in most regions studied focuses more on the

compliance with emission standards than GHG/fuel consumption standards, especially
for vehicles in production and in use, As we learned from the C&E
standards across regions, it takes time and res
Compared to implementing standards of criteria pollution, GHG/fuel consumption
reguirements are relatively new. Although there are some countries that carry out
cc)mpﬁarwm activities related to CO, emis
those activities has been relatively limited.

practices of emission

ources to bulld a mature C&E program.

ion/fuel economy standards, the extent of

Policymalkers in many markets consider CZE to be an important part of vehicle
regulations and simultaneously acknowledae that w\mhamﬁmw their CERE WWWWM is
necessary. A number of regions have revising
various elements of their C&E pma‘{ ces. For example, China has revised its Alr Pollution
Control Law, which strengthens the power of regulatory agencies to enforce vehicle
emission standards. Japan added a road load confirmatory test for verification of
vehicle fuM efficiency. The EU has proposed a plan to revise the regulatory framework
to improve in-use vehicle surveillance and is considering incorporating the real-driving
emissions (RL E"”} reguirement into in-service conformity test for LDVs. §
increased the penalty cap for noncompliance.

ently revised or are in the proc

outh Korea has
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. BEST PRACTICES OF C&E PROGRAMS

ased on existing practices, it is challenging to establish a one-size-fits-all ideal C&E
ﬁyﬁt@m for all markets. Rather, while conducting this research, we observed the following
best practices that are imperative based on experience in some markets.

1. Establish clear legal authority to hold manufacturers accountable for vehicle

or and efficiency performance throughout the useful life of vehicles. The
regulatory agency or agencies in charge of ensuring C&E with the standards should
be given the necessary legal authority to enforce them, including legal authority to
force recalls and levy fines. The regulatory framework should include all the C&E
provisions discussed in this report, such as vehicle testing at all stages of production

emissi

representative vehicles including proper road load and W@Iqht representative test
cycles, proper OBD operation, defeat device provisions including disclosure of AE
and defect reporting

2. Avoid conflicts of interest that could undermine the program’s effectiveness, Align
the lead agency’s mission with regulatory goals and break the financial link between
testing agencies and manufacturers. Relationships among government agencies,
manufacturers, and third-party testing laboratories should be established in such a
way as to avoid any impropriety.

3. Obtain the necessary resources to continuously and pmf:}w%y enforce regulation
The enforcement agency/agencies should be given the financial and human resources

S

and these should

necessary to develop expertise and properly enforce the regulations

be sustained vear to vear. Ideally, some type of fee structure on vehicles or fuels that

s not subject solely to government budgets should be put in place and designated to
wppmt C&E activities. Programmatic priorities should be established based on the level
of funding available. Manufacturers should share the burden of the cost of testing

4, Conduct reliable testing and checks at all stages of production and use on both
emissions and efficiency, with the strongest focus on in-use testing, Vehicles and
engines should be tested and checked—by manufacturers and the government
agency-—at pre- ;’deuc“ ion, in-production, and post-production (e, in use) through
the end of the vehicle’s |i f@h with the strongest focus on in-use testing. Existing data
from other government programs or third-party E;takgahmld@m should be leveraged to
help identify potential compliance issues that require further investigation. Supporting
checks should also be established to ensure representative test vehicles, operational
O

systems, and an absence of defeat devices.

5. Use corrective actions, such as implementing mandatory recalls and fiscal penalties,
should use

to fix known issues and pmmwt@ ﬁiﬁ@i”ﬁfﬁ)lté)i’“ﬁﬁl@. sovernment agencie

effective corrective actions, such as mandatory recalls, fines, and other penalties, to
correct and compensate for compliance problems. In a strong program, the cost of
noncompliance should exceed the cost of compliance.

6. Prioritize data and information transparency to foster confidence in the program
and facilitate third-party participation. Governments and industry should collect
information and data relating to compliance activity and share information and data
relating to compliance activity with other governments, as well as the general public.

7. Create a roadmap for program development that considers future regulations and
technological advances. Governments should establish a vision and roadmap for their
C&

= orograms that takes into account future regulations and advances in technology.
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This report focuses primarily on the two key stakeholders in the C&

process—the

government agency and the manufacturer. Table 16 outlines the general roles for each

of these stakeholders, as well as the role third parties should play in each of the best

practices described above.

Table 16. Roles of government sgency, manufacturer, and third parties in implementing best practices of C&F programs.

YoEstablish clear legal
authority

2. Avoid conflicts of
interest

Haye earunterstanding ofithe
legalframewark andtheirauthority
IEsufficientatithority:-doesnot exi
workthrough i echanhels:to
okitalntproperauthority

The prirmary mission of the lead
agency should be in line with the
goat of the C&F program itself
Constantly work to identify and
aliminate any potential canflicts of
interest in the C&E program

wicrunderstanc

meworkciniwhichith
operating
Work constractivelywith ré

te

seyithoroughly:-regarding
appropripte’elerments of the
manufacturers:business

Avaold any improper business
relationships with indeoendent
arganizations involved in the C&E
Drocess

Mlert authorities to potential
conflicts

Develop an organizational mission
that prioritizes and practices social
and environmental responsibility

ANy KNOWILL inithe
foricorany :way-inwhich
Fhoribyedranted tothe
gencyis insufficient
Advocateforchange whengaps.are
foting

ldentify, docurnent, and cublicize
any potential conflicts of interast
Propose regulatory sotutions to
identified conflicts of interest

SoObtain the
NECessary resources

4, Conduct reliable
testing and checks
at all stages of

production and use

Securesresourgesandlong-term
carmmitments:offundingand
supportfromeappropriate
government channelsand
mantufacturers

Bulld-internal technicalcapadity
Setprogrammatic.priorities for
resourcescanstralned programs

Cantinuously screen the f
conduct testing to determine causes
of high in-use emissions

Work directly with manufacturers
when testing their vehicles

Use third-party data to help target
compliance issues

Irnplement procedures for
representative test vehicl
system operation, and de
detection

5, (OED
at device

Contributefairshareofresourcesto
taining C&Eprograms
areaxpertisewith government
agencies

Conduct extensive testing on
oroducts

Share data with government
agencies

Let governments know about any
issues found

Engage in honest back and forth
when potential compliance lssues
are identified

Contribute additidnabsopport
and:expertise-tofilkintgapsiinthe
government’s progran

Conduct random independent
testing of vehicles

Make testing results public

Hold governments and
manufacturers accountable when
potential compliance issues are
found

5, Use corrective
actions

6. Prioritize data
and information
transparency

FoCraate aoroadmag
forprograen
development

Erisurethatcasesofnoncompliance
argpropery-correctéd

Usefines, recellsrand.othertoolsto
ensurethe cost'ofcompliancéis lass
tharthecostof noncomplisnce
Enstretheenvironmental harm
caused by noncomplance s
remediated

Share C&E program-related data in
an accessible and timely manner
Regularly share compliance
information with international
counterparts

Fiidentified complianceissues
voltintarily

Reactto government-ordersand
cooperatewithotheagency tofind
solutions

Work with governiments to facilitate
data sharing and to ensure, when
necessary, that confidential business
information is not madse public

swatchdogtolensure
correctiveractions areeffectiverand
appropriate

Call on governments for data
trarnsparency

Push for data to be made available
to the extent that the legal
framework allows

Use and analyze data as they are
made available

Develop:acomprehensiveroadmap
forithe future
Ensurevoadrapincludes
canstderation of futy chologies;
long-termiresources; and publc
el

Work withy government to.develop
andparticipate:inithe execution'of
theroadmap

Workiwith government-to-develop
and:participaterintheexecitioniof
theroadmap
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Table 17 s
their C&E
best practice for each country is rated using the following scheme:*?

hows our evaluation of each country that we surveyed regarding how closely

programs are currently meeting each best practice described above. Each

@ The country does not sufficiently meet any criteria for this practice
#lh+ The country meets some criteria for this practice

@ih++ The country meets all criteria for this practice

Table 17 shows that C&E programs in major global markets are at diverse stages of
naturity, with no single program fully meeting all best practices. In general, the United
States (including California), South Korea, and Japan have the most comprehensive
programs, with better C&E schemes in legal framework, conflicts of interest prevention,
resource sustainability, testing design, and enforcement. Mexico has the least
comprehensive program, which can be improved in many ways. X%rmmg the identified
best practices, poor data transparency and having an unclear vision for program
aH 14 \/@?‘uc:,é s markets,

development are two aspects that need be improved across

H uwmwumuuum
HHHHH il

lﬁiiiiii\\\\u\\\umumwmmuuuu

Table 17. Evaluation of best practices for C&E activities in major vehicle markets.

Chile o o o o ® o o
@ The country does not sufficiently meet any criteria for this practice.
@+ The country meets some criteria for this practice.

@ ++ The country meets all criteria for this practice.

34 More information on how we filled in this table can be found in Appendix
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Additional key findings from the various regions include the following:

»  Asiar Government agencies in Japan and South Korea—home to major automotive
manufacturers that sell their products worldwide—have better structured C&E
programs with strong legislative support, clear governmental Hability, and

serious m@ﬁa[t%@fw»ﬁmam:%aﬂ or reputational—and corrective methods in place for
noncompliance. Both countries monitor compliance with necessary independent
testing, although South Korea has shaped its program to be more financially
sustainable. On the other hand, China and India do not have a lengthy history

of compliance work; however, because of the need to address poor air quality

in both countries, these governments are realizing the importance of C&E. This
is most apparent in China, where the latest vehicle emission regulations include
strengthened compliance and testing requirerments, and where the legis i tive
framework has recently been revamped to allow for stronger regulatory
enforcement. While waiting for the enhanced emission regulatory system to take
effect, boosting C&E of fuel efficiency standards becomes more imperative in
China. India needs more grmwwfui enforcement authority and better regulatory
structure to break the financial link between testing agencies and manufacturers
and conduct independent tmtirw throughout a vehicle's useful life.

» Europe: The single market structure of the European Union combined with the
independent administrative power of member states has led to a unigue dynamic
in BEurope. Although it is the European Commission that sets up the framework
for C&E of relevant standards, there is no centralized Iimplementation authority.

The cross-border compliance framework has an inherent potential for conflict
of interest. The European system does little to incentivize member states to
take compliance actions, especially with independent retesting absent from the
framework. The enforcement authority of regulatory agencies in member states
is also restricted. The extremely high levels of NO, emissions from diesel cars
that reqgulators are currently attempting to acjdm”% in the European Union can
be directly linked to the lack of a strong C&E procedure. The « bwr\/@d practices
1 France, Germany, and the UK also show insufficient resource sustainability.

ion, W&rliemze%rm md Council

()ﬁqa}xm} negotiations among the European Commiss
on the new motor vehicle type-approval framework in Europe create opportunity to
improve the above-mentioned aspects.

»  North America: The United States has a 5-decade history of developing and refining
its C&E program, which is the oldest and most advanced in the world. The U5,
program today focuses heavily on testing in-use vehicles for compliance and has a

ment. The

program operates with the support of experienced experts and sustainable resources.

This has created a level plaving fleld among manufacturers and has fostered an

history of implementing recalls and other corrective actions for enforc

environment where the cost of noncompliance is higher than the cost of compliance.
Improving information transparency will help the United States further strengthen
its program, Canada and Mexico tend to harmonize with U.S, emission standards,

so both countries can leverage the U.S. compliance program to implement their

own regulatory reqguirements. Canada and the United States have a long history

of collaboration under the framework of the U Canada Alr Quality Agreement
toward the development of aligned vehicle and @mq%rwe emission regulations and
their coordinated implementation. While Canada runs its own compliance program,
it has generally focused its testing effort on vehicles that are not sold in the United
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States, with additional capabilities used to complement U.S.-certifled vehicle testin

as a result of the collaboration. That being said, Canada is now working to {m?“aarm@
its program sustainability in response to the defeat device situation. Mexico does not
have a meaningful program in place to monitor new vehicles that are not covered

by U.S. certification, nor do Mexican regulatory agencies have the legal authority to
intervene regarding compliance of in-use vehicles.

» South America: Brazil is by far the largest automotive manufacturing market
capacity and activity are minimal. Most major
manufacturers in Brazil have their headqguarters in Europe, so Brazil ty; ically follows

South America, but the country’s C&

the r&%qulamw structure of the EU, where compliance protocols fall short, Brazil has
relatively clear legislative %‘ym,mm but needs to build up regulatory czzapamw and
start regular independent testing. In contrast to Brazil, Chile presents an interesting
case study, because itis a M}um’ry without its own automotive manufacturing
and relies solely on imports. Yet, Chile has committed to developing a program
designed for this specific market situation and has qmwn ) Stmna} technical
capacity with some of the best government-run testing facilities in South America.
Future priorities for improvement in Chile include Str@ngth@m i@q slative authority
for @r‘imrcém@nt expanding test capacity and scope, and i@vmagg% g additional
resources to support compliance checking

There are currently insufficient data available to guantify the linkage between
adherence to these best practices and lower real-world fleet emissions or fuel

consumption, However, there is sufficient evidence that well-designed C&E programs

are able to effectively lower real-world vehicle emissions (Franco et al,, 2014; Miller
& Franco, 2017, Muncrief, 2017; Tietge, Diaz, Yang, & Mm”,%z@ 20073 It is important that
programs, what a well-

policymakers deeply understand the importance of C&
designed program looks like, and the status quo in their country or region. This will
ncies to set goals and W(}E’K toward improving the effectivence
of their individual programs.,

enable government ac

This paper is the first to take stock of C&E practices with regard to emission and

efficiency standards in key vehicle markets, We found room for improvement, even
in markets with mature regulatory systems, and we expect to see more efforts by
stakeholders to support such improvements.
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APPEND

X A SURVEY

This online survey was sent to 86 contacts in 19 countries/regions. We collected
responses from 28 contacts in 17 countries/regions through the online survey portal,
emall exchanges, and one-on-one interviews.

Global survey of compliance and enforcement activities

(Note: this version has some minor differences with the web version on SoGoSurvey,
Some guestions were triggered by certain answers to previous guestions.)

Over the last 40 vears, progressively tighter vehicle emission and fuel efficiency
standards in the world's major markets have resulted in modern vehicles emitting &

tiny fraction of the air pollution compared to uncontrolled vehicles, However, legally
reguired standards can only fully deliver emissions reductions if combined with effective
compliance and enforcement (C&E) activities.

Compliance activities ensure that the registered vehicles meet regulatory reguirements
and id@ntify cases of noncompliance when they exist. Compliance monitoring

activities such as pre- and post-production vehicle emissions testing under laboratory
and ma! world conditions are necessary to establish compliance status, and deter
noncompliance, Enforcement activities are necessary when vehicles are found to be out
of compliance with the standards and intervention is needed to hold responsible parties
accountable and correct the situation. Enforcement activities such as noncompliant
vehicle recalls and financial penalties are essential to achieving widespread compliance
with standards.

Compliance and enforcement practices vary widely am@nq the major vehicle markets.

This survey aims to a}athm baseline information on the existing status of compliance
and enforcement in these markets, The responses from Hw survey and information
from other sources Wxit be compiled in a baseline analysis report to b@ published later

this year.

We expect that the survey should take between thirty and forty-five minutes to
complete. Your individual response to this guestionnaire will only be seen by ICCT
staff. General comments may be guoted anonymously by the ICCT in its report, but
any comments about Sp%(ﬁiﬁc programs, companies, or individuals will not be shared

without explicit permission. We will provide yvou with an advance copy of the report ir
late summer.

Your input is important to ensure that we adeguately c‘awtum the status and details of
compliance and enforcement activities in your country/region. We greatly appreciate
vou taking the time to provide us with vour insights. Please contact Zifei Yang at
Zifei.yang@theicct.org if you have any questnons or concerns.
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1. Please tell us about yourself. (Your email address will only be used by the ICCT to ask follow-up
guestions, and will not be shared or used to send unsolicited email). You can save the answers and
come back to the survey at any point.

“« Name

*  Organization or affiliation

*  Email address

o Job title

*  Which country would vou be answering guestions about?

2. Which area of work are you familiar with?
* Compliance
*« Enforcement
* Passenger car/light commercial vehicle
* Heavy-duty vehicle/engine
« Fuel
o Policy making
« Vehicle testing

o Other (explain)

3. Inreference to the area of work yvou selected above, please explain your specific responsibilities in
the text box below.

4, If you are from regulatory agency, what is the responsibility of yvour agency in vehicle emission
related compliance and enforcement activities?

SECTION 1. BASIC IMFORMATION ON COMPLIANCE AND ENFORCEMENT (C&E)

5. What types of vehicles are covered by the compliance and enforcement activities?
¢ Passenger car
o Light commercial vehicle
+ Heavy-duty vehicle/heavy-duty engine
« Two- and three-wheelers
*  Nonroad engine and eguipment

o Other (for example: fuels, diesel generator sets etc.)

6. Are compliance and enforcement activities the same across different types of vehicles listed above?
* Yes

« No

G4
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7. Please use the text box below to specify which t

type(s) of veh

cle(s) is/are different from others.

[Note] We are asking you to specifically answer these guestions in the context of the C&E activities
of light and heavy-duty vehicles. If you have additional comments regarding other vehicle types, we
would appreciate additional information,

8. Do the compliance 9. When did the compliance
and enforcernent and enforcement 10, Any additional
practices apply to activities start comments?
Criteria pollutants * Yes
feg. NO,, CO, HC) * No
Greenhouse gases " Yesg
{e.g. CO,, CH, )/ fuel . No
BCORONY
* Yes
Others
* No
SECTION 2. AGENCY AUTHORITY AND CAPACITY

1. Which regulatory text grants the authority for compliance activ

@s?

12, Which regulatory text grants the authority for enforcement activities?

13, Which authorit
the compliance activ

jes oversee
ities?

14, Which authorities oversee

the enforcement activities?

Criteria pollutants emission
standards

Greenhouse gas emission/fuel
efficiency standards

Others (If applicable)

15, Which authorit
the compliance activ

jies carry out
ities?

16, Which authorities carry out

the enforcement activities?

Criteria pollutants emission
standards

Greenhouse gas emission/fuel
efficiency standards

Others (If applicable)

17. Does the mir

* Yes
« No

nistry/agency have its own laboratories/facilities
facility is owned by the governmen

for compliance activ

ties? (e.g. the

tand managed by government employees)
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18, Please tell us more about the agency-owned laboratories/facilities?

Number of Others (e.g.
Portable emissions tire rolling
Number of Number of Number of Number of monitoring resistance test
agency-owned | light-duty chassis | heavy-duty chassis | heavy-duty engine | equiprment (PEMS) facility, test
facilities dynamorneters dynamorneters dynamorneters devices track)

19, How many vehicles do you test each year with the agency-owned facilities for compliance purposes?
Others
Heavy-duty chassis Heavy-duty engine (e.qg. tire rolling
Light-duty chassis dynamometer dynamometer resistance,
dynamometer testing testing PEMS testing coastdown)
20. Does the agency authorize other laboratories/facilities to conduct test for compliance activities?
* Yes
s No

21, Who owns the laboratories/facilities?

22. How many authorized laboratories/facilities?

Number of Others (e.g.
Number of Portable emissions tire rolling
Number of Number of heavy-duty Number of monitoring resistance test
authorized light-cuty chassis chassis heavy-duty enginge | equipment (PEMS) facility, test
facilities dynamomaeters dynamomaeters dynamomaeters devices track)

23, How many vehicles are tested each vear by the assigned facilities to determine compliance?

Others

(e.g. tire rolling

Light-duty chassis Heavy-duty chassis Heavy-duty engine resistance test
dynamometer dynamometer testing | dynamometer testing PEMS testing facility)

Z4. Please explain how compliance is determined if the agency doesn’t own nor authorize laboratories/
facilities to conduct test for compliance.
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25, Which sector best represents you?
* Regulatory agency
* Industry

o Others

28. Together (if the two
programs are not
26. Compliance 27. Enforcement separated)

How many statf/emplovees
work on the compliance and
enforcement program?®

What's the annual budget
(please indicate currency)?

29, What's the monetary source of the budget for compliance activities?
*  Fee pald by manufacturers
* Fee pald by vehicle owners
*  Budget allocation from government

o Others (Please specify)
30, Please explain your answer to the previous guestion in detail below:
3. How many employees work on emission-related compliance and enforcement?

32, What's the annual budget (in USD)?

SECTION 3. PRE-PRODUCTION (LE. THE INITIAL TYPE APPROVAL,
CERTIFICATION, OR HOMOLOGATION PROCESS)

33, What actions are the manufacturers reguired taking to prove that a vehicle can meet air pollutant
emission standards?

* Test at manufacturer’s lab

*  Test at manufacturer's lab with witness from government

o Test at manufacturer's lab with witness from certified third party

*  Test at agency authorized lab

*  Test at agency authorized lab with witness from government

*  Test at agency’s lab

*  Sybmit test results

*  Provide materials to prove the vehicle meet all requirements in the standards with technical details
*  Provide materials to prove manufacture lab meet reguirements

o Other (please specify)
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34, How is vehicle mass determined for the official tes
*  Manufacturer submitted value
*  Testing facility determines reference mass as per type approval protocol

o Other (please specify)

35, How is the road load (for chassis dynamometer testing) determined for the official tes

*  Manufacturer submitted roadload coefficients without verification

*  Manufacturer submitted roadload coefficients with validation by test facilit

*  Coastdown test validated by regulatory agency

*  Values predefined by regulator based on vehicle specifications (e.g. inertia mass, power, load etc)

o Other (please specify)

36, How do manufacturers choose the model for compliance testing?
*  Every model and variant

*  Every model

*  Model with highe elling variant in the group or family
*  Highest weight in the group or family
*  Highest emissions in the group or family

+ Vehicle with specific technology/engine in the group

o Others

37. Iz the requirement the same for compliance with GHG emis v standards?

* Yes

*  No (Please specify the difference

38, What actions does the agency take to check that a vehicle can meet alr pollutant emission standards?
*  Validate manufacturer application (paper work) without going through technical details
* Validate manufacturer application (paper work) by going through technical details

* Validate manufacturer application (paper work) by going through technical details and
reserving the right the ask for more information from manufacturers

*  Select model to conduct confirmatory test at agency’s lab

*  Select model to conduct confirmatory test at contracted lab
*  Selectively check manufacturer’s lab/facilities on site

*  Selectively check testing work at contracted lab

* Select model to conduct onroad test

*  No mandatory reguirements

o Others (please specify)

39, How does the agency conduct confirmatory tes s dynamometer, PEMS)
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40,

41,

44,

45,

46.

47.

48,

2. What's

How does the agenc
*  Randomly select
* Targeted test

o Others (Please specify)

How does the agen

the sample size for confirmatory testing?

s the requirement same for the compliance with GHG emis
* Yes
s No

Please specify the difference

Who pays for the confirmatory test conducted by the agen

*  Manufacturer
« Agency

o Other (please specify

How does the agency confirm that the OBD system function

*  Review manufacture’s technical description of OBD system

* Replace with broken parts and check OBD system reaction

*  No special test for OBD system

*  Others (please specify

What action does your agency take during the pre-production

world emis s from the vehicle are consistent with the test resulis?

*  Mandatory disclosure of the calibration of emission control tech

*  Technical evaluation ¢ of emissi

of descriptions of the calibration

« PEMS test

*  Test on supplementary test cycle (please explain the mair

*  Defeat device test
« OBD test
*  No required actions

*  Others (please specify

How do vou ensure that the emission controls

deterioration of vehicle etc)?

vy select the sample vehicle for confirmatory testing?

cy for compliance?

properiy?

process to verify that the on

on control

or the vehicle are durabl

cy choose the target vehicle for confirmatory testing?

1 standards and/or fuel economy labels?

-road real

nologies

technologies

n characteristics of the test cycle)

= (e.q. taking account of the
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SECTION 4. PRODUCTION (CONFORMITY OF PRODUCTION)

49, What actions are the manufacturers required to take to prove that emis s from a production
vehicle match the emissions from a certified vehicle?

*  Select vehicles from production line to conduct self-testing

*  Select vehicles from production line to test at government certified lab
*  Select vehicles from production line to test at government lab

* Test entire vehicle

*  Test vehicle component (e.g. heavy-duty engine)

*  Submit test results to regulatory agency

*  No mandatory reguirements for OEM

*  Others (please specify 3
50. Is the requirement the same for the compliance with GHG emis 1 standards/labeling?

* Yes

*  No (Please specify the difference b

51, Does the agency perform conformity of production (COP) test to check the production vehicle or

engine emissions match the certified vehicle criteria pollutant emission?

* Yes
o No, only review materials submitted by manufacturers of self-proving.

*  No, no action required

52. How does the agency conduct COP tests? (e.g. chassis dynamometer, PEMS)

53, How are the vehicles/engines selected?
* Randomly selected by test agency from production line
*  Select by test agency from vehicles provide by manufacturers

*  Manufacturers provide vehicle for testing

o Others (Please specify b
54, Are the manufacturers warned before conformity of production test?

* Yes

« PNo

*  Others (please explain b

. What's the sample size for COP testing each year?
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56. Where and how is the conformity of production test performed?
* Test at manufacturer’s lab
*  Test at manufacturer's lab with witness from government
o Test at manufacturer's lab with witness from certified third party
*  Test at agency authorized lab
*  Test at agency authorized lab with witness from the agency
*  Test at agency’s lab

o Others (please specify)

How to verify the proper operation of OBD systems for COP test?
o Same as OBD test during pre-production testing
*  No special test for OBD system for conformity of compliance testing

o Others (Please specify b

58. Who pays for the conformity of production test conducted by the agency for compliance?
*« Manufacturer

« Agency

o Other (Please specify b
59, Is the requirement same for the compliance of GHG emis v standards/labeling?

* Yes

*  No (Please specify the difference )

SECTION 5. AFTER-PRODUCTION

60, What actions are the manufacturers required taking to prove that their vehicles conform to
standards during in-use operation

*  Select vehicle from consumers to conduct test at manufacturer’s lab
*  Select vehicle from consumers to test at agency authorized lab

*  Select vehicle from consumers to test at agency’s lab

*  Test vehicle within a required mileage range

*  Test vehicle within multiple mileage ranges for durability test

*  Submit test results to regulatory agency

* No mandatory reguirements for OEM

*  Other (please specify 3
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61, What action does the agency take to ensure that the vehicles conform to standards during
in-use operation

*  Review materials submitted by manufacturers

*  Select in-use vehicles directly from consumers to conduct test

o Select in-use vehicles provided by manufacturers to conduct test

*  Test vehicle within a required mileage range

*  Test vehicle within multiple mileage ranges for durability test

*  Conduct confirmatory coastdown testing

*  Conduct testing or evaluation for defeat devices on in-use vehicles

*  Evaluate accuracy of manufacturers deterioration factors using data from in-use testing
*  Evaluate proper operation of OBD systems on in-use vehicles

*  No required actions

o Other (please specify b

62, How does the agency conduct tests on in-use vehicles? (e.g. chassis dynamometer, PEMS)

63, What's the sample size for in-use testing each year?

64, Where and how is the in-use vehicle test performed?
* Test at manufacturer’s lab
*  Test at manufacturer's lab with witness from government
o Test at manufacturer's lab with witness from certified third party
*  Test at agency authorized lab
*  Test at agency authorized lab with witness from the agency
*  Test at agency’s lab
o Other (please specify b

65, How to verify the OBD systems function properly for in-use test?
o Malfunction light ilumination check
* Read and analyze historical OBD code record
*  Same as OBD function verification during pre-production test
*  No special test for OBD system for in-use confirmatory testing

o Others (Please specify 3

66, Is the reqguirement same for the compliance of GHG emission standards?
* Yes

*  No (Please specify the difference )
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67, Who pays for the in-use confirmatory test conducted by the agency for compliance?
*« Manufacturer
« Agency

o Other (Please specify b

68. Is there an inspection and maintenance (I/M) program in your country?

* Yes
« No
o Other (Please specify b

69, Does legal authority address potential behavior from the aftermarket industry and consumers that

would influence vehicle emissions?

* Yes
« No

« Unsure

70, What tools are provided (e.g. prohibitions on tampering)?

SECTION 6. CROSSCUTTING ISSUES ON COMPLIANCE

71, Pre-production 72. Production 73, After-production

« PMNo testing « PMNo testing « PMNo testing
What are * No need to report * No need to report * No need to report
manufactures ¢ Release results to ¢ Release results to ¢ Release results to
reguired to do agency agency agency
with the testing ¢ Release results to the | ¢ Release results to the  * Release results to the
results? public public public

*  Other *  Other *  Other

* No testing * No testing * No testing

* No need to report * No need to report * No need to report
What does the * Release results to * Release results to * Release results to
agency do with
the testing ‘%g@mﬁy ‘%g@mﬁy ‘%g@mﬁy
results? ¢ Release results to the | * Release results to the | ¢ Release results to the

public public public
*  Other *  Other *  Other

74, Please explain your answers if you choose

"other” above,

75, Where does the regulatory agency announce compliance and enforcement related information

(please provide link if there is a website or database)?
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o Manufacturer warranty report
* Defect report

o Others

77. What are the sources that agencies us
*  Randomly select

/M test results/record

*  Manufacture warranty report

* Defect report

o Individual consumer report
« OBD data

* Roadside remote sensing

What are the other reporting requirements on

manufacturer

= to identify potential noncompliance?

o Other (Please specify b
78. How does the agency collect sales data?
79, How does the agency verify the vehicle sales information?
80, How do you evaluate the effectiveness of the compliance program in your region/country?

1 (Not effective) 2 3 4 5 6 7 (Very effective)

81, Please briefly explain vour rating.
82. What are the major barriers to enhancing vour current compliance and enforcement program?

o [Lack of authority for compliance

*  No agency-owned testing lab

o Lack of trustworthy contracted testing lab

o Lack of budget and staff

o [Lack of expertise among staff for compliance

o Lack of political will

o Other (Please specify b

83, Please briefly expla

84, Any

n your answers given

improvement you would recommer

r the last gquestion

nd to enhance the effectiveness of the compliance activities?
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SECTION 7. ENFORCEMEMT

5. at acti oo o & .i’ o 2P e [ s ERY) [ fance issue is reveale
85, What actions are the manufacturers required to take when a potential compliance issue is revealed
during self-testing?

* Report to the agency

*  Announce to the public

*  Submit a plan to fix the issue

* Voluntary recall

* Pay penalty

o Other (Please specify b

86. What action can the agency take when the vehicles they test have failed the production or post-
production test?

*  Test the vehicle again with exact same test procedure
*  Test the vehicle with & more detailed test procedure

o Notify manufacturer

* |dentify as noncompliance

*  Other

87. What action can the agency take when vehicles are identified as being noncompliant?
o Notify manufacturer
*  Negotiate with manufacturer to find solution
*  Announce to the public
o Don'tissue certification for production (pre-production)
* Revoke or suspend certification (during production)
o Halt production (during production)
*  Mandate recall (after production)
o Apply fiscal penalty

o Other (please specify)

88. How is the level of fiscal penalty decided (or provide the source that indicate the penalty rule)?
*  No fiscal penalty required
* Fiscal penalty specified by the governing act/law
*  Higher than the level of the cost of compliance
* The type of issue (e.qg. design problem, defeat device, cheat during testing)
*  The number of incompliance vehicle sold
* The level of emission that exceed standards

* Determined by agency case by cas

o Other social cost (Please specify )

o Other (Please specify b
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89. Is there an emission related recall program?
* Yes, there is mandatory recall
*  Yes, there is voluntary recall
* No

o Other (Please specify b

90, Mandated recall by the government 91, Voluntary recall by manufacturers

2015

2014

2013

2012

2011 and earlier

92, How do vou evaluate the effectiveness of the enforcement program?

T (Mot effective) 2 3 4 5 o 7 (Very effective)

93, Please briefly explain your rating.

94, What are the major barriers to enhancing your current compliance and enforcement program?
o Lack of authority for enforcement
o Lack of budget and staff

o [Lack of expertise among staff for compliance

o Lack of political will

o Others (Please specify)
95, Please briefly explain the answers vou indicated above.

96, Any improvement yvou would recommend to enhance the effectiveness of the enforcement activities?

SECTION 8. OTHER

Q7. Are any new compliance and enforcement activities being currently developed in your region/country?
* Yes

s No
98. Please specify more details:

99, Please provide names and links to relevant regulatory documents or studies in the space below, or
thelcct.org

e-mail them directly to zifel.yang@
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100. We greatly appreciate your time and insights in responding to the above guestions based on
vour experience, Please use the space below to make any final comments on compliance and
enforcement that were not mentioned in the survey.

107, Would you be interested in participating with regular calls with other regulators or stakeholders to
share knowledge and discuss compliance and enforcement related topics?

* Yes

« No

102. Can we follow up with you through email or a phone interview if necess

* Yes

« No
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APPEND

X B GLOSSARY

BCW Center Vehicle Control and Certification Center (Chile)

ASIG Administration of Quality Supervision, Inspection and Quarantine (China)

ARAT Automotive Research Association of India

BMVI Bundesminister flr Verkehr, Ministry of Transport of Germany

C&E Compliance and enforcement

CIRT Central Institute of Road Transport

CHRV Centre National de Réception des Véhicules of Fran

Compliance The registered vehicles meet regulatory requirernents and identify cases of
noncompliance whe h@‘y‘ exist

CONAMA Mational Environment Council of Brazil

Cop Conformity of production, which provides assurance that the production vehicles or
engines meet the emission standards that their m‘e»moﬁuctéom counterparts were
certified £

Ceyp surveillance test The testing of production line vehicles or engines by the regulatory agency

COP test The testing of production line vehicles or engines by manufacturers and/or third
parties

DGEC Directorate General for Energy and Climate of France

D Department of Justice (United States)

[nIna g Department of Transportation (United States)

Durability group Vehicles in the group are identical in combustion cycle, engine type, fuel used, basic

fuel metering system, catalyst construction, previous metal composition of the
catalyst by the type of principal active material(s) used, and grouping statistic on
retative precious metal loading rates,

[n35:9 ) Driver and Vehicle Standards Agency (UK)

EcCC Ernvironment and Climate Change Canada

Enforcement Actions taken when vehicles are found to be out of compliance with the standards
and intervention is needed to hold responsible parties accountable and correct the
situation

B Ervironment Protection Agency (United States)

EL Furopean Union

Evaporative/refueling family Vehicles in the family are similar in type of vapor storage device, basic canister

design, fuel system, type of refueling emission control systern, fillpipe seal
mechanism, vapor control system, purge control system, vapor hose material, fuel
tan material, and evaporative emission standards or family emission limit.

FTE Full time equivalent

Fuel efficiency standards Refer to all standards on fuel consumption, CO, or GHG emission standards for the
purpose of this document

MO Heavy-duty

HDV Heavy-duty vehicle

1B AMA Environment and Renewable Resources of Brazil

ICAT International Center for Automotive Technology (ndia

In=service surveillance test The testing of in-use vehicles by the regulatory sgency

Inservice test The t ng of in-use vehicles by manufacturers and/or third parties
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INMETRCO Federal Ministry of Environment & Matural Resources of Brazil

/™M Inspection and maintenance

KBA Kraftfahrt Bundesamt, Federal Motor Vehicle Office of Germany

LDV Light-duty vehicle

MDIC Ministry of Industry, Foreign Trade and Services (Brazih)

MD PV Medium-duty passenger vehicle

ME P Ministry of Environmental Protection (China)

METI Ministry of Economy, Trade and Industry (Japan)

MIIT Ministry of Industry, Information, and Technology (China)

MLIT Ministry of Land, Infrastructure, Transport and Tourism (Japan)

MOE Ministry of Environment (Japan, Korea)

Mo Ministry of Power (India)

MORTH Ministry of Road Transport and Highway (India)

MTT Ministry of Transport and Telecommunications of Chile

NALTEC National Agency for Automobile and Land Transport Technology (Japan)

NHTSA National Highway Traffic Safety Administration (United States)

MNIER Mationa! Institute of Environment Rescarch (Korea)

NRCAN Matural Resources Canada

NTSEL National Traffic Safety and Environment Laboratory of NALTEC (Japan)

pPRpsC Public Prosecution Service of Canada

PROFEPA Federal Environmental Attorney (Mexico)

SMA Superintendency of the Environment of Chile

Test group Vehicles in the group are identical in durability group, engine displacement,
cylinder/combustion chamber numbper and arrangement, and subjected to the same
emission standards.

Type approval The certification manufacturer must receive for its vehicles and engines to be sold
to the market, commonly used in the EU, Japan, and China. This term is called
“certificate of conformity” in the United States, Mexico, and Canada; “certification”
in Korea; and “homologation” in India, Brazil, and Chile.

U.5. United States

(1114 United Kingdom

WM Vehicle Certification Agency (UKD

WELCC Vehicle Emission Control Center (China)
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Fueleconomy

Erazil Programa: Brasilerrosde EtiqUetagem: (2017 Lightvehicletdnguiry.mAvallable at
http://pbeveicular.petrobras.com.br/TabelaConsumo.aspx

Emission certification

California Alr Resources Board, (2017). On-Road New Vehicle & Engine Certification Program-
executive orders listing. Available at https://www.arb.yca.gov/msprog/onroad/cert/cert.php
California
Report on test resullts (pre-2005)

California Alr Resources Board. (2017). Annual Summary of In-Use Compliance Testing and Recall
Activity, Available at https:./www.arb.ca.gov/msprog/inusecom/rpt2004.pdf

Fueleconoemy

Canada Natural Resources Canda: (2017 Fuel Consumption Ratings Search-Tool —conventional vehicles:
Avallable at httpi//oee.nrean.ge.ca/fer-ref/public/index-e.cfm

Fuel economy

Ministerio de Energla, (2017). EIQUETA DE EFICIENCIA ENERGETICA. Available at http/www.
consurnovehicularcl/

Data for all vehicles pass agency test

Chile Ministerio de Transportes v Telecomunicaciones, (2017). Momologacidn de Vehiculos Livianos-
Medianos v Motocicletas, Available at http/www.mtt.gob.cl/archivos/5609

Data of test results

Ministerio de Transportes v Telecomunicaciones. (Z017), Verification of Conformity. Available at
http:/www.mtt.gob.cl/archivos/5806

Emission certification/information

Vehicle Ernlssion Controb Center- (2017 New vehicle complisnce searchaAvailable In Chinese at
http://www.yecc-mep.org.cn/indexjsp

Fusleconomy

HERSEREEEEE WA The website of Automaebile EuelConsumption of China). (2017, Availablein
China Chinese at http://chinaafc.miit.gov.cn/

Information:portal (inprogress)
Vehicle EmissionControl Center- (2017 Manufactyrer COPtestinformeation search. Avallabla at
http://ids.vecc-mep.org.cn/Ids/op/index.jsp

Rescall
AQSIQ BlEE

S (Recsllinformation) (20170 Avallable in Chinese at hfgtp:///ywyyw.gquq,.gqy.gg/zjs’,j/zhx)g/’ :

Recall
EU European Commission. (2017). Rapid Alert Systermn-~ Search notifications. Available at https://
ec.europa.eu/consumers/consumers_safety/safety_products/rapex/alerts/?event=main.
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Usgencede Venvironnement et delar

cark abetemissionsde GO, des vehw_“
www.ademe fr/consarmmal bur

COand emissions test mm
8 (2010 Emissions de CO et depolluants des véhicules commercialisés en France:
ilable in French at https://w,ww‘data-9ouv.,fr/fr/datasets/emsss,lf)n,sfde‘-c‘o?fet—d,etpo,lIu;ant,s-QeS:

veh,fc,u,'es—,commerci,alises,fen-,fra,nce/
Erance
Feport ontestresults (2016 only)

Ministry of the Environmen Fr‘;@rgy andthe Ses: (2017 Rapportfinal dela commission
Spendante m”@@ en-placeparia Ministre:Ségoléne Rovalapres larévélation de laffaire Volkswagen
sions de meEu&rm atmosphérigues etde COmené sur-8o vehicules Available in

Recall
Ministry ot Ecologicaland -Solidarty: Transition (2017 Rappels:de véhicdles parles constructenrs.
Available at http://www.ecologigue-solidaire.gouv.fr/ h,‘?WO‘,’,Q‘Q?’;U‘OU?,C’,?S',,, ehiculestted

€O, and emissions test data

Kraftfahrt-Bundesamt (KBA), (2017). Fuel Consumption and emission type test values, Available at
http//www.kba.de/EN/Typgenehmigung_en/Fahrzeugtypdaten_amtiDaten_TGV_en/Auskuenfte_
Informationen_en/Veroeffentlichungen_en/SV2_en.html?nn=644856

Report on test results (2016 only)

Germany BMVL (2016). Bericht der Untersuchungskommission “Volkswagen”. Available in German at
http://wwyv.bmvp.de/SharedDocs/DE/Pub[lkatlonen/LA/bencht-untersuchungskommlsston-
volkswagen.pdf?__ blob=publicationFile

Recall
ADAC (207, Recalls, Avallable in Germean at https://www.ada,c.de/infotestrat/reparatur-pﬂege-undj
wartung/rueckrufe/

Fuel economy
Societyof IndiarAutomobile-Manufacturerss (20175 AM - Flel Effic Data. Availableat
http://www-,siamindia@om/cpag,e-aspx?m,,p,g,ld—5,,31&99ldtr,au—,82

India
Recall

Society ofindiaAutomobile Manufacturers (2O Vehicle recallinformation:Avallable at
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APPENDIX D: EVALUATION CR

IN TABLE 1/

®

ITERIA

o

FOR C&E BEST PRACTICES

g

W

Establish clear legal
authority

The agencies are given
-2 of the b authorities in
Table 3

Avoid conflicts of
interest

Obtain the necessary
resources

Clearconflictofintérast
without preventionon
abuseof gower

Low resources, low
sustainability

The agencies are given all of
the & authorities in Table 3

Someconflicts ofinterast
with prevention onabuse
of-power

Medium resources, medium
sustainability

Noknown conflicts:of
interestwithpreventionion
potential abuse of Hower

High resources, high
sustainability

Conduct reliable
testing al all stages of
production and use

Use corrective actions

Lessthan 4o in Table 2
Crohare countediasioh)

No emission recall authority,
no or some voluntary recalls

Erom 4=7"9/"in Table 2

Agency has the right to
mandate emission recall
and fine

Priovitize data
and information
transparency

Create a roadmap
for program
development

Né:-transparency-or
sublished emissionrecall
and/or testresults with
no-details

No plans for the future of
the program

Publishes test results with
some details and/or reports
emissionrecall regularly
thatallows third-party
auplication of:test

Some information and
vision about plans for the
future of the program

Morethan: 8 Y in Table 2

Agency has mandated
emission recall or fined
OFEM and ensures the fix

Pubhishes testresullswith

full:details andreports
ssionrecallandrelevant

activities regularhy

@

o

Publicized, foasible,
compressive roadmap
that has been developed
with input from all relevant
stakehoiders
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